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Part II - OFF-HIGHWAY MOBILE SOURCES 

INTRODUCTION 

This section contains emission rates for eight types of off-highway 
mobile sources. The emissions of six of these types of sources are 
unchanged from the previous edition and supplements. Changes have been 
made inboard powered vessels and diesel powered heavy-duty construction 
equipment. The changes for these two sources are summarized below. 

Inboard Powered Vessels - Only one item has been changed since the 
previous edition. This change was the deletion of the 1550 horsepower 
diesel emission factors from Table 11-3.3 because they were for a 1550 
horsepower steam engine and not a diesel engine. 

Construction Equipment - The emission factors for heavy-duty diesel 
construction equipment are based on a recent study by Environmental 
Research and Technology, Inc. Some of the categories of construction 
equipment have changed. The emission factors for heavy-duty gas powered 
construction equipment are the same as in the previous edition. 

Comments on Other Studies - Recently there have been two studies 
undertaken for off-highway mobile sources. The first one deals strictly 
with inboard powered vessels, and is entitled "Emission Factor 
Documentation for AP-42: Section 3.2.3 Inboard Powered Vessels" (EPA 
450/4-84-001). The second report discusses locomotives, construction 
equipment and inboard powered vessels, and is entitled "Recommended 
Revisions to Gaseous Emission Factors for Several Classes of Off-Highway 
Vehicles - Final Report" (EPA 460/3-85-004, March 1985). The following 
are EPA's comments on material presented in these reports relative to 
AP-42. 

Locomotives - The current emission factors for locomotives are based on 
tests of three in-use locomotives. The second report located data on at 
least fifteen new locomotives, and recommended updating the emissions to 
this new data set. The report also suggested that the duty cycle for 
locomotives include some engine shut-down in place of some engine idle, 
mostly based on the fact that fuel costs are higher and companies would 
encourage engine shut-down as a cost saving measure. The previous 
emission factors do not assume any engine shut-down during the duty 
cycle. EPA has not adopted the new emission factors, and instead has 
retained the previous emission factors for two reasons. First, there 
does not appear to be any verifiable basis for picking the percent of 
engine shut-down time during the duty cycle. Second, EPA has become 
aware of a larger data set of in-use locomotives with emission data. EPA 
intends to analyze these data in the near future, and feels it would be 
inappropriate to update the locomotive emission factors with the fifteen 
locomotives on an interim basis, only to change them at a later date. 

Inboard Powered Vessels - The first report compiled available data on 
inboard powered vessels and attempted to estimate the emission factors. 
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The second report critiqued the first report, and found some 
inconsistencies in the manner in which the emission factors were 
estimated. The second report recommended only two changes to the 
existing emission factors -- one was the removal of the 1550 horsepower 
emission rates from Table II-3.3. (This engine was a steam boiler, and 
not diesel powered as presented.) This we have done. The second was 
the addition of some new emission rates for diesel engines above 3000 
horsepower, but at only one load setting and in units which were 
inconsistent with those in Table 11-3.2. EPA investigated the 
possibility of converting the new data into the old units but had no 
basis for estimating the appropriate conversion factor. Therefore, the 
previous emission factors (at 3600 horsepower) are retained. 

Future Work - Beside locomotives, EPA may also soon undertake a study of 
emissions from new aircraft. Emission standards for new aircraft took 
effect in 1984: therefore, all 1984 and newer aircraft should have lower 
emissions than the rates presented herein. However, the present emission 
rates for aircraft are sufficient for now, since the majority of aircraft 
in use are pre-1984 uncontrolled technology. 
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II- 1 AIRCRAFT 

II-1.1 General 

Aircraft engines are of two major categories, reciprocating piston 
and gas turbine. 

In the piston engine, the basic element is the combustion chamber, 
or cylinder, in which mixtures of fuel and air are burned and from which 
energy is extracted by a piston and crank mechanism driving a propeller. 
The majority of aircraft piston engines have two or more cylinders and 
are generally classified according to their cylinder arrangement - 

either "opposed" or "radial". Opposed engines are installed In most 
light or utility aircraft, and radial engines are used mainly in large 
transport aircraft. Almost no singlerow inline or V-engines are used in 
current aircraft. 

The gas turbine engine usually consists of a compressor, a combus- 
tion chamber and a turbine. Air entering the forward end of the engine 
is compressed and then heated by burning fuel in the combustion chamber. 
The major portion of the energy in the heated air stream is used for 
aircraft propulsion. Part of the energy is expended in driving the 
turbine, which in turn drives the compressor. Turbofan and turboprop 
(or turboshaft) engines use energy from the turbine for propulsion, and 
turbojet engines use only the expanding exhaust stream for propulsion. 
The terms "propjet" and "fanjet" are sometimes used for turboprop and 
turbofan, respectively. 

The aircraft in the following tables include only those believed to 
be significant at present or over the next few years. 

Few piston engine aircraft data appear here. Military fixed wing 
piston aircraft, even trainers, are being phased out. One piston 
engine helicopter, the TH-55A "Osage", sees extensive use at one train- 
ing base at Ft. Rucker, AL (EPA Region IV), but engine emissions data 
are not available. Most civil piston engine aircraft are in general 
aviation service. 

The fact that a particular aircraft brand is not listed in the 
following tables does not mean the emission factors cannot be calculated. 
It is the engine emissions and the time-in-mode (TIM) category which 
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determine emissions. If these are known, emission factors can be 
calculated in the same way that the following tables are developed. 

The civil and military aircraft classification system used is shown 
in Tables 11-l-l and II- l-2. Aircraft have been classified by kind of 
aircraft and the most commonly used engine for that kind. Jumbo jets 
normally have a miximum of about 40,000 pounds thrust per engine, and 
medium range jets about 14,000 pounds thrust per engine, Small piston 
engines develop less than 500 horsepower. 

II- 1.2 The Landing/Takeoff Cycle and Times-in-Mode 

A landing/takeoff (LTO) cycle incorporates all of the normal 
flight and ground operation modes (at their respective times-in-mode), 
including: descent/approach from approximately 3000 feet (915 m) above 
ground level (AGL), touchdown, landing run, taxi in, idle and shutdown, 
startup and idle, checkout, taxi out, takeoff, and climbout to 3000 feet 
(915m) AGL. 

In order to make the available data manageable, and to facilitate 
comparisons, all of these operations are conventionally grouped into 
five standard modes: approach, taxi/idle in, taxi/idle out, takeoff and 
climbout. There are exceptions. The supersonic transport (SST) has a 
descent mode preceding approach. Helicopters omit the takeoff mode. 
Training exercises involve "touch and go" practice. These omit the 
taxi/idle modes, and the maximum altitude reached is much lower. Hence, 
the duration (TIM) of the approach and climbout modes will be shorter. 

Each class of aircraft has its own typical LTO cycle (set of TIMs). 
For major classes of aircraft, these are shown in Tabies II- l-3 and 
11-l-4. The TIM data appearing in these tables should be used for 

guidance only and in the absence of specific observations. The military 
data are inappropriate to primary training. The civil data apply to 
large, congested fields at times of 'heavy activity. 

All of the data assume a 3000 foot AGL inversion height and an 
average U.S. mixing depth. This may be inappropriate at specific 
localities and times, for which specific site and time inversion height 
data should be sought. Aircraft emissions of concern here are those 
released to the atmosphere below the inversion. If local conditions 
suggest higher or lower inversions, the duration (TIM) of the approach 
and climbout modes must be adjusted correspondingly. 

A more detailed discussion of the assumptions and limitations 
implicit in these data appears in Reference 1. 

Emission factors in Tables II- 1-9 and II- l-10 were determined 
using the times-in-mode presented in Tables II-l-3 and II- l-4, and 
generally for the engine power settings given in Tables II-l-5 and 
11-l-6. 
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Table II- l-l. CIVIL AIRCRAFT CLASSIFICATION” 
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Aircraft 
No. Mfg. 

Engineb 
Type Kodel/Series 

Supersonic transport 

BAC/Aerospatiale Concorde 

Short, medium, long range 
and jumbo jets 

BAC 111-400 
Boeing ?07-320B 
Boeing 727-200 
Boeing 737-200 
Boeing 747-2008 
Boeing 747-200B 
Boeing 747-200B 
Lockheed LlOll-200 
Lockheed LlOll-100 
McDonnell-Douglas DC8-63 
KcDonnell-Douglas DC9-50 
KcDonnell-Douglas DClO-30 

Air carrier turboprops - 
conmuter, feeder line and 
freighters 

Beech 99 
CD/Convair 580 
DeHavilland Twin Otter 
Fairchild F27 and FH227 
Grumman Goose 
Lockheed L188 Electra 
Lockhead LlOO Hercules 
Swearingen Ketro-2 

Business jets 

Cessna Citation 
Dassault Falcon 20 
Gates Learjet 240 
Gates Learjet 35, 36 
Rockwell International 

Shoreliner 75A 

Business turboprops 
(EPA Class P2) 

Beech B99 Airliner 
DeHavilland Twin Otter 
Shorts Skyvan- 
Swearingen Merlin IIId 

General aviation piston 
(EPA Class Pl) 

Cessna 150 
Piper Warrior 
Cessna Pressurized 

Skymaster 

4 

2 
4 
3 
2 
4 
4 
h 
3 
3 
I, 
2 
3 

2 
2 
2 
2 
2 
4 
4 
2 

2 
2 
2 
2 

2 

2 
2 
2 
2 

1 
1 

2 

RR TF Olymp. 593-610 

RR TF Spey 511 
PCU TF ST3D-7 
PhW TF JT8D-17 
P&W TF STBD-17 
PSW TF JT9D-7 
PLW TF JT9D-70 
RR TE RB211-524 
RR TF RB211-524 
RR TF RB211-228 
P&W TF .lT3D-7 
P6W TF JTSD-17 
GE TF CF6-wc 

PWC TP PT6A-28 
All TP 501 
PWC TP PTbA-27 
RR TP R. Da. 7 
PWC TP PT6A-27 
All TP 501 
All TP 501 
GA TP TPE 331-3 

PhW 
GE 
GE 
GE 

GE 

TF 
TF 
TJ 
TTF 

TF 

JT15D-1 
CF700-2D 
CJ610-6 
TPE 731-2 

CF 700 

PWC TP PT6A-27 
PWC TP PT6A-27 
GA TP TPE-331-2 
GA TP TPE-331-3 

Con 
Lye 

Con 

O-200 
O-320 

TSlO-360C 
Diper Navajo Chieftain 2 Lvn 0 TlO-540 

:References 1 and 2. 
Abbreviations: TJ - tubojet, TF - turbofan, TP - turboprop, R - 
reciprocating piston, 0 - opposed piston. All - Detroit Diesei rlllison 
Division of General Motors, Con - Teledyne/Continental. GA - Garrett 
XiResearch, GE - General Electric, Lye - AvcoiLycoming, P6W - Pratt 6 
Whitney, PWC - ?ratt 6 Whitney Aircraft of Canada, RR - Rolls Royce. 
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T&le 11-I-2. MILITARY AIKCKAFT CLASSIFICATIONa 
._. . .-.--.-I_------ -----. -__ . -__-___ -_-_-__.---_ - _--- 

Power plant 

Hanufacturerh Service No. 6 TypeC Mfg. 
b 

Designation 
Aircraft 
misslun DOD 
(Class) _- _._-___ Dcelgnat ion 

Comba t A-4 
A-7 
F-4 
F-5 

F-14 
F-15A 
F-16 

Skyhawk 
Corsair 2 
Phantom 2 
Freedom Fighter/ 

Tiger 2 
Tomcat 
Eagle 

Bomber 

‘Transport 
Patrul/Antisub 

B-52 

c-5A 
c-130 
KC- 135 
C-141 
P-X 
S-M 

Stratofortrcss 

Galaxy 
Hercules 
Stratotanker 
Star1 if ter 
Orion 
Viking 

Trainer T- 34C Turbo kntor 
T- 38 Talon 

He1 Icopter UH-1H 
HII- 3 

l-Ill-47 

Iroqltols/Huey 
Sea King/.Jolly 

(ireen Clant 
Chinook 

HcD-Doug 
Vought 
McD-Doug 
Northrop 

USN, USMC 
USN 
USAF. USN 
USAF 

TJ 
TF 
TJ 
TJ 

P&W 
All, P&W 
GE 
GE 

352, 365 
TF41, TF30 
579 
585 

TF30, F401 
FIOO 
FlOO 

557, TF33 

Crumaafl 
McJbDoug 
CD/k%/ 

USN 
USAF 
USAF 

2 TF 
2 TF 
1 TF 

P&W 
P&W 
PLW 

8 Boeing USAF TJ. TF P&W 

C ELAC 
GELAC 
Boe i ng 
GELAC 
CALM 
CALAC 

USAF 
USAF. USN, USCC 
USAF 
USAF 
USN 
USN 

TF 
TP 
TJ 
TF 
TP 
TF 

CE 
Al 1 
P&W 
P6W 
All 
GE 

TF39 
T56 
.I57 
TF33 
T56 
TF34 

PT6A 
J85 

T53, T58 
T58 

T55 

Beech 
Northrop 

USN 
USAF 

1 TP 
2 TJ 

PWC 
CE 

Bell 
Sikorsky 

Boeing Vertol 

USA, USN 
USAF, USN. USCC 

1 TS 
2 TS 

Lye, CE 
GE 

2 TS USA J-YC 

a 
bKeferrnce 1. 1JSN - tl.S. Navy, USMC - U.S. Marine Corps, USAF - U.S. Air Force, USCC - U.S. Coast Cudrd, USA - U.S. Army. 

Abbrevlac ions: At 1 - Uetroi t Uiesel Allison Division of General Motors, CALAC - Lockheed - California, CD/FW - General Dynaaics. 
Ft. Worth, (:E - General Klrctrir, CELAC - Lockheed-Georgia. Lye - Lyconfng. McD-Doug - McDonnell Douglas, PCW - Pratt 6 Whitney, 
I’WC - Pratt 6 Whitney Aircraft of Canada. 

‘T.1 - ‘Turbojet. TY - Turbofan, TP - Turboprop, TS - Turboshaft. 
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Table 11-l-3. TYPICAL DURATION FOR CIVIL LTO CYCLES 

AT LARGE CONGESTED METROPOLITAN AIRPORTSa 

Aircraft Mode 

Commercial 
carrier 

Taxi/ Takeoff Climbout Approach Taxi/ Total 
Idle out Idle in 

Jumbo, long 
and medium 
range jetb 19.0 0.7 

TurbopropC 19.0 0.5 

Transport- 
piston 6.5 0.6 

2.2 4.0 7.0 32.9 

2.5 4.5 7.0 33.5 

5.0 4.6 6.5 23.2 

General 
aviation 

Business jet 6.5 0.4 0.5 1.6 6.5 15.5 

TurbopropC 19.0 0.5 2.5 4.5 7.0 33.5 

Pistond 12.0 0.3 5.0 6.0 4.0 27.3 

Helicopter 3.5 6.5 6.5 3.5 20.0 

aReference 3. Data given in minutes. 
bSame times as EPA Classes T2, T3 and T4 (Note b, Table 11-l-5). 
iSame times as EPA Classes Tl and P2 (Note b, Table 11-l-5). 

Same times as EPA Class Pl (Note b, Table IX- l-5). 
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Table II-l-4. TYPICAL DURATION FOR MILITARY LTO CYCLESa 

Aircraft TIMb 
Code 

Mode 

Taxi/ Takeoff Climbout Approach Taxi/ Total 
Idle out Idle in 

Combat' 

USAF 1 

USNd 2 

Trainer - 
Turbine 

USAF T-38 3 

USAF general 4 

USNd 2 

Transport - 
Turbinee 

USAP general 5 

USNf 6 

USAF B-52 
and KC-135 7 

Military - 
Piston 8 

Military - 

12.8 0.4 0.9 3.8 6.4 24.3 

6.8 0.5 1.4 4.0 4.4 17.1 

6.5 0.4 0.5 1.6 6.5 15.5 

18.5 0.4 0.8 3.5 ' 11.3 34.5 

6.5 0.4 0.5 1.6 6.5 15.5 

9.2 0.4 1.2 5.1 6.7 22.6 

19.0 0.5 2.5 4.5 7.0 33.5 

32.8 0.7 1.6 5.2 14.9 55.2 

6.5 0.6 5.0 4.6 6.5 23.2 

Helicopter 9 8.0 6.8 6.8 7.0 28.6 

aReference 1. Data given in minutes. USAF - U.S. Air Force, USN - U.S. 
bNavy. 

TIM Code defined in Table 11-l-5. 
iFighters and attack craft only. 

Time-in-mode is highly variable. Taxi/idle out and in times as high as 
25 and 17 minutes, respectively, have been noted. Use local data base if 

epossible. 
Includes all turbine craft not specified elsewhere (i.e., transport, 

f cargo, observation, patrol, antisubmarine, early warning, and utility). 
Same as EPA Class P2 for civil turboprops. 
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Table 11-1-5. ENGINE POWER SETTINGS FOR TYPICAL EPA 

LTO COMMERCIAL CYCLESa 

Mode Power setting (% thrust or horsepower) 

Class Tl, PZb Class T2,T3, T4b Class Plb Helicopter 

Taxi/Idle (out) Idle 
Takeoff 100 
Climbout 90 
Approach 30 
Taxi/Idle (in> Idle 

>eferences 1 and 3. 
As defined by EPA (Reference 3): 

Idle Idle 
100 100 

85 75 - 100 Undefined 
30 40 

Idle Idle 

Class Tl is all aircraft turbofan or turbojet engines except Class T5 
of rated power less than 8000 lbs thrust. 

Class T2 is all turbofan or turbojet aircraft engines except Classes 
T3, T4 and T5 of rated power of 8000 lbs thrust or greater. 

Class T3 is all aircraft gas turbine engines of the JT3D model family. 

Class T4 is all aircraft gas turbine engines of the JT8D model family. 

Class T5 is all aircraft gas turbine engines on aircraft designed to 
operate at supersonic speeds. 

Class PI is all aircraft piston engines, except radial. 

Class P2 is all aircraft turboprop engines. 

Table II- l-6. ENGINE.POWER SETTINGS FOR A TYPICAL LTO 

MILITARY CYCLEa 

Mode Power setting (X thrust or horsepower) 

Military Military Military Military 
transport jet piston helicopter 

Taxi/Idle (out) Idle Idle 5 - 10 Idle 
Takeoff Military Military or 

Afterburner 100 
Climbout 90 - 100 Military 75 60 - 75 
Approach 30 84 - 86 30 45 - 50 
Taxi/Idle (in) Idle Idle 5 - 10 Idle 

a Reference 1. 
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TABLE II- l-7. MODAL EMlSSlON HATES--CIVIL AIRCRAFT ENGINES” 

Mode Fuel Rate 

Ib,‘hr kg:/hr 

CO Nd I 
lb/hr kg/h lh/hr kg/hr 

ZSOB 17B Idle 63 U.SM 6. I3 2.78 0.09 0.041 1.27 0.576 0.06 0.03 
All. TP Takeoff 263 120.2 2.07 0.939 I.75 0.794 0.07 0.032 0.27 0.12 

Cltmbout 245 III I 2.2I LOO 1.46 0.662 0.09 0.041 0.25 O.l! 
A pprurch a5 38.56 4. I3 1.87 0.19 0.086 0.44 0.200 0.09 0.04 . . __.- _____._ -_-.-. _ ____ - - .-____--.. .__-~- 

5OlD22A Id le 610 276.7 26.60 12.07 2.15 0.975 10.74 4.87 0.61 0.20 
All. Tt’ Takeoff 2376 1078 4 85 2.20 21.10 y.57 0.67 0.304 2.38 1.08 

Climbout 2198 ‘197 4.53 2.05 20.27 9.19 I.96 0.889 2.20 1.00 
Awoar h 1140 51:.1 5.81 2.64 a.54 3.07 2.23 1.01 1.14 . 0 52 .- - ..-. -_...-_-_- -- 

‘1‘PIi 331-j Idle II2 0 30.8 6 a9 3. IL 0.320 0.145 a n6 4.02 0. I I 0.05 0.B 0.1411 
CA TP Tdkroft 458.0 201.7 0.350 u. 159 5.66 2.57 0.050 0.023 0.4b 0.21 08 0.36 

Cltmbout JUY.0 lM5.5 0.400 0.181 4.85 2.20 0.060 0.027 0.41 0.19 0.6 0.27 
Approach 250.0 I t3.4 1.74 rr.7n9 2 48 I. 12 0.160 0.073 0.25 0.1 I 0.6 0 27 

--.---_.. ---- 
‘rPE331-2 Idle 105.u - 47.6 6.73 3.05 0.27 0.22 9 58 4.34 0. I I 0.05 (Aaaume 331-3 
GA TP Ta kroIf 405.rJ 183.7 Il. 3kJ 0.172 4.14 I 88 0. lb 0.072 0.41 0.18 data) 

cllmbout J7L 1) 169.7 0.51 0.231 3.6~ 1.67 0.15 0.068 0.37 I). 17 
Approarh 220.0 99.8 3.65 1.66 I .I2 0.826 0.59 0.268 0.22 0.10 

_._ -- -.... _ -... __--.-~- -. 
TI’E 731-L 

..___-. ..--- 
Idle 181.1, 82. I 11.11 5.04 0.54 0.245 4.05 1.84 0.18 0.08 

GA TI Takeoff 1552.0 704.0 l.trb 0.844 29.8 13.52 0.14 0.064 1.55 0.70 
Cltmbnut 1385.D 6’tl.L 1.80 0.816 23.68 10.74 0. I2 0.054 1.39 0.63 
Approach 52I.U 236.3 9.53 4.32 3.59 1.63 I.51 0.605 0.52 0.24 

CJ 610-K idle 510.0 231.3 79.05 35.86 0.46 0.206 9.10 4.16 0.5 I 0.23 
GE TJ Takeoff 27fJo 0 lL61.0 75.06 34.05 11.68 5.30 0.28 0. I27 2.78 I.26 

ClImbout 2430.0 I IO2.0 65.61 29.76 8.99 4.08 0.49 0.222 2.43 I. ID 
A pproactr IUL5.U 464. Y YU. 20 40.91 1 54 0.698 2.77 1.26 1.03 0.46 

- 
CF70U-2D ldlc 460 208.7 II. 30 j2.34 0 41 0.186 8.28 3.76 0.46 0.21 
GE TE Takeoff 2607 I IaL .57.35 Lb.01 14.60 6 62 0.26 0.118 2.61 I.18 

Cl1rnlJout 2322 1053 58 05 Lb.33 9.98 4.53 0.23 0. ID4 2.32 1.05 
Approa< h 919 416.‘1 5L.JLI 25 r5 1.65 0.748 I.29 0.505 0.92 0.42 -.- 

CF6-60 ldie 1063 482.2 65.06 29.51 4.88 2.21 21.79 9.88 1.06 0.48 0.049 D.DLg 
GE TF Takeoff ! 3750 bL37 8.25 3.74 467.5 212.1 I.25 3.74 13.75 6.24 0.54 0.24 

Cltmbout 1 Il2Y 5 13Y 6.80 3.03 309.2 140.2 6.130 3.08 11.33 5.14 0.54 0.24 
Approach 3864 1753 23.18 10.51 41.54 LB.84 6.96 3.16 3.86 1.75 0.44 0.20 

--- 
CFb-5OC Idle -- 1 LO6 -- -5<7-- 88.04 39.93 3.02 1.37 36.18 16.41 1.21 0.55 (Araume CF6-bD 
GE TF Takeoff 18YOO 8573 0.38 0.172 670.95 304.3 0.19 0.086 18.90 0.57 data) 

c Irtnbout I 5622 7104 4.70 2.13 462.0 209.6 0.16 0.073 15.62 7.10 
Approach 5280 2395 22.70 10.30 52.8 23.95 0.05 0.023 5.2fJ 2.40 
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TABLE II- l-7 (CONTINUED1 

Model-Serrcr Mode 

Wgb Ty$ 

Fuel Hate 

lb/tar kg,‘hr 

co NO: Toti HCd SO= 
* x _ ~.. .~ 

Ib/hr kg/hr lb/hr kg/hr lb/hr kg/b? ;b/hr kdhr -. lb/hr ka/hr - 

JT3D-7 Idle 1013 459.5 140.8 63.07 2.23 1.01 124.6 56.52 1.01 0.46 0.48 0.28 
P&W TF Ta kcoff 9956 4516 8.96 4.06 126.4 57.34 4.98 2.26 9.96 4.52 8.25 3.7 

Climbout 818n 3714 15.56 7.06 78.6 35.65 3.28 1.49 8.19 3.71 n.5 3.9 
Approach 3084 1399 60.14 27.20 lb.35 7.42 6.48 2.94 3.08 1.40 8.0 3.6 --- 

JTBD-I7 Idle 1150 521.6 39.10 17.74 3.91 1.77 10.10 4.58 1.15 0.52 o.3#sh o.lff’h 
P&W TF Takeoff 9980 4527 6.99 3.17 202.6 91.90 .50 0.227 9.98 4.53 

Climbout 7910 3588 7.91 3.59 12.3.4 55.97 .40 0.181 7.91 3.59 
52 1.7 

I.2 
A h 2810 1275 pproac 20.23 9.18 19.39 8.80 1.41 0.640 2.81 I. 28 1:5 0.68 

--- _ _._--- -__ __- 
JT9D-7 Idle 1849 838.7 142.4 64.59 5.73 2.60 55.10 24.99 1.85 0.84 2.~~ 1.0 
P&W TF Takeoff lb142 7322 3.23 1.47 474.6 215.3 0.81 0.367 16.14 7.32 3.75 1.7 

Climbout 13193 5984 6.60 2.99 202.3 128.0 I. 32 0.599 13.19 5.98 4.0 1.8 
Approach 4448 2108 44.62 20.24 36.25 16.44 4.65 2.1 I 4.65 2.11 2.3 1.0 ~_- -.--- 

JT9D-70 Idle 1800 816.5 6i.20 27.76 5.76 2.61 12.24 0.55 1.80 0.82 
P&W TF Takeoff 19380 8791 3.88 1.76 600.8 272.5 2.91 1.32 19.38 8.79 Climbout 15980 7248 4.79 2.17 386.7 175.4 2.40 1.09 15.98 7.25 (astaume JT9D-7 

Approach 5850 2654 7.61 3.45 47.39 21.50 2.63 1.19 5.85 2.65 data) 
__---- --- ~. 

JTlSD- 1 ldlr 215 97.52 19.46 8.83 0.54 0.245 7.48 3.39 0.22 0.10 
PWC TF Takeoff 1405 637.3 1.41 0.640 14.19 6.44 0 0 1.41 0.64 

Climbout 1247 565.6 I.25 0.567 11.35 5.15 0 0 I.25 0.57 
Approach 401 216.2 II.45 5.19 2.45 1.11 1.59 0.721 0.46 0.22 

--.-_ 
- PTbA -27 Idle 115 52.16 7.36 3.34 0.28 0.127 5.77 2.62 0.12 0.;; 

PWC TP Td keoff 425 192.8 0.43 0.195 3.32 1.51 0 0 0.43 0.19 
Climbout 400 181.4 0.46 0.218 2.00 1.27 0 0 0.40 0.18 
Approach 215 97.52 4.95 2.24 1.60 0.816 0.47 0.213 0.22 0.10 

--- ---.__ 
I’TbA-41 Idle w--- 66.bj 

--- 
16.95 7.69 0.29 0. I32 14.94 6.78 0.15 0.07 

F’WC TP Takeoff 510 231.3 4.60 1.18 4.07 1.65 0.89 0.404 0.51 0.23 
Climbout 473 214.6 3.07 1.39 3.5tr 1.62 0.96 0.435 n 47 0.21 _ . _ _ _ - 
Approach 273 123.8 9.50 4.31 I.27 0.576 6.20 2.81 0.27 0.12 -, __----~- 

spuy 555 -Is’ Idle Y15 415 83.2 37.7 1.6 0.7 86.0 43.5 0.92 0.42 
RR TF Takeoff 5734 2600 6.5 3.0 109.2 49.5 29.5 13.4 5.73 2.60 

Climbout 4677 2121 0.0 0.0 68.7 31.2 2.5 I.1 4.68 2.12 
Approach 1744 791 34.8 15.11 10.2 4.6 14.3 6.5 1.74 . 0.79 

Spey MK51 @ni IdI= 946 429.1 104.4 47.36 0.785 0.356 00.03’ 36.30 0.95 0.43 0.17 0.077- 
RR TF Takeoff 7057 3201 16.16 7.33 156.7 71.08 13.97 6.34 7.06 3.20 16.0 7.3 .- 

IV.0 413 
I.5 0.66 

._-- -.-. 
Climbout 5752 2609 0.0 0.0 116.8 O*O 5.75 2.61 I’ 
Approach 2204 999.7 48.71 22.09 16.00 ‘z: . 20.56 2.20 1.00 

MISH-01' Idle 366 166.0 55.63 25.23 0.622 0.282 11.53 5.23 0.37 0.17 
RR (Brirtol) Takeoff 3590 1628 7.18 3.26 32.31 14.66 0.718 0.326 3.59 1.62 
TF Climbout 3160 1433 9.48 4.30 25.28 I I .47 0.632 0.287 3.16 1.43 

A pproxh 1067 484.0 53.56 24.29 3.57 1.62 6.61 3.00 1.07 0.48 



TABLE 11-l-7 (CONTINUED) -____ -.---. . ..- ~ --- --- ---. -- 

Model-Series 

Mfgb Typeb 

Mode Fuel Rate 

lb/hr kg/h= 
-- 

co NO; Total HCd 

lb/h= kg/hr Ih/hr kg/hr Ib/hr kg/h= & ww 

RB-211-22Bi idle 1718 
RR TF Takeoff 14791 

Climbout 12205 
A pproac h 4376 --._ _____~~. .-- 

RB-211.524’ Idle 1764 
RR TF Takeoff 17849 

Climbout 146tJR 
Approach 5450 _ _ __.-_.___--_ 

NH-401-06’ idle 330 
RR ‘I-F Takeoff 2400 

C LAmbout 2130 
Approach 775 

__ _--.. 
Ihrt HDa7i Idle 411 
HI{ TP Takeoff 1409 

Climbuut I L48 
A pproarh 645 

ryneK* ’ Idle blY 
RR TP Takeoff 23.12 

Cllmbout LIMB 
Approach 1095 

779.3 137.6 
6709 5.62 
5536 14.89 
1965 93.7n 

64.42 5.31 2.41 
2.55 504.1 220.7 
6.75 301.9 136.9 

42.54 32.ib 14.63 --._-. ___ --- ___-- 

I.72 
14.79 
12.21 

4.38 

802.4 
8096 
6462 
2472 __-_-.-. 

149.7 
1089 

966.2 
351.5 

35.91 16.29 
7.32 3.32 
7.34 3.33 

11.72 5.32 

2.15 
299.6 
213.2 

28.53 

1.77 
17.85 
14.69 

5.45 

10.07 
2.40 
2.77 
5 04 

4.57 
1.0’) 
I.26 
2.29 

4.74 
640.4 
470.0 

42.89 ._-.. - 
0.625 

30.0 
24.07 

3.88 

100.1 45.36 
29. I4 13.22 

8.30 3.76 
32.16 14.59 

5.43 2.44 
1.96 0.009 
2.50 1.13 
0.545 0.247 --~ 
0.924 0.419 
0. I20 0.054 
0.107 0.049 
0.155 0.070 

u 374 
I3 61 
IO.‘12 

I. 76 

0.78 
6.71 
5.54 
1.99 _- _-- __-- 
0.80 
8.10 
6.67 
2.47 --. ..-- __. .-. - 
0.15 
1.09 
0 97 
0.35 

0.33 
2.40 
2.13 
0.78 

----- -- - 7 

Olym 
P 

un 593’ 
MK6 0 
RR (Briutol) 
TJ 

o-to,, 
<:wl. 0 

_. ---- 
TS-1% - 360C 
Con. 0 

__ --.-_ _ . .-~ 
ldle 3060 
Takeoft 52200 
Climbout 19700 
Descent 5400 
Approach 962 I 

Idle 
Takeoff 
Clll~bolll 
Approach 

;CiL 
-.-- 

Takeoff 
ClImbout 

ltr6.4 
63’). I 
566. I 
292.6 .-_ - .-. 
28U.8 

1076 
922.5 
496.7 

1388 
23673 

6936 
2449 
4455 

e.24 3.75 
45.17 LO.53 
45.17 LO.53 
25.50 11.59 

_--_ ..----. - -- 
11.5 5.21 

133. 60.3 
Y9.5 45. I 

---.--..- ..-..- ---- ------ - -- __.. -.-._-.. . .- 
37.61 17.06 0.292 u 132 25.52 11.58 0.41 0.19 

4.79 2.17 8.51 ,.nt, 0.75 3.97 1.41 (I 64 
4 26 I .‘) i 5.55 2.52 2.15 0.975 1 25 II.57 

21.46 Y. 14 0.568 O.L5M 0.0 00 0.65 (1. 2’) _--. ._~ __... .-. -_ _- .-.----- 
40.79 18.50 0.477 O.Llb 6.63 3.01 0.62 0.28 

I.LI 0.549 27.11 IL. ‘3U 2.87 I.31 2.37 I OH 
1.29 0.585 25.23 11.44 2.63 1.19 2.19 D.99 

t I. 30 5.13 9.00 4,oll 2.60 1.22 1.10 0.50 
--.-.._- .__.. 342.7 155.4 9.72 4.4 I 119.3 54.11 3.06 1~9.--~--. --.- 

1513.8 684.5 542.9 246.2 151.4 AR.7 52.2 23.7 
31.52 ii:;0 

_-.- --.. 
275.8 125.1 149.4 76.194 19.70 8.94 
426.6 193.5 18.9 8.6 132.3 60.0 2.4 
451.8 204.9 41.25 18.71 93.30 42.32 

;::2 
4.46 

--.__ .--.. --__-- 
z $1 2.42 0.013 0.004 0.239 0.107 0.0 0 

44 0 2cr I, 0.220 0.100 0.940 0.427 0.01 0 
44.0 2u.u 0.220 0. IOU il. 940 0.427 0.01 0 
30.29 13.75 0.029 0.013 0.847 0.385 D.Dl 0 

_~ ___.__ ._- ___ ..----- ------~ ~_- _-_..-- 
6.81 3.09 0.022 0.009 I. 59 0.723 0.0 0.0 

143.9 65.3 0.36 0. I6 I.22 0.55 0.03 0.01 
95.6 43.4 0.43 0.20 b.95 0.43 0.02 0.01 - , 
60.7 27.5 0.23 0. IO 0.69 0.31 0.01 0.01 Approach 61.0 27.7 

__---_ _ . .._. _____._ ___-_-..-_ _- _ --_-- -_--- 
6-285-B Idle 72.12 10.03 26.23 Il.90 0.0334 0.0152 0.773 0.350 0.0 0.0 
(Tin ra) Takeoff 153.0 69.39 152 7 69.3 0.899 0.408 1.78 0.806 0.03 0.01 
Con. 0 Climbout 166.0 52.61 I1O.Y 50.3 0.913 0.414 1.39 0.632 0.02 0.01 

Approach 83.5 37.88 85.39 38.77 0.394 0.179 1.343 0.609 0.02 0.01 
----..- _~--.- _--. 



Model-Serier 

t.Afgtt TYPCb 

Mode Fuel Rate 

Ib/hr kg/hr 

TABLE I I- 1-7 (CONCLUDED) 

co Total HCd e NO; 
Particulat 

lb/hr kg/hr lb/hr kg/hr lb/hr kg/hr 
so, 
lb/hr kg/hr lb/hr whr 

O-320 Idle 9.48 4.30 10.21 4.63 0.0049 0.0022 0.350 0.159 0.0 0.0 
Lye. 0 Takeoff 89.1 40.4 96.0 43.5 0.195 0.088 1.05 0.475 0.02 O.OI 

CIimbout 66.7 30.3 66.0 29.9 0.265 0.120 0.826 0.375 0.01 0.01 
Approach 46.5 2I.I 56.8 25.8 0.044 0.020 0.895 0.406 0.01 0.0 

IO-320-DiAD ldla 7.84 3.56 4.86 2.20 0.009 0.004 I 0.283 0.128 0.0 
Lye. 0 Takeoff 91.67 41.57 109.3 49.55 0.167 0.0756 1.047 0.475 0.02 

Cltmbout 61.42 27.85 54.55 24.74 0.344 0.156 0.588 0.267 0.01 0.01 
Approach 37.67 17.08 35.51 16.13 0.128 0.058 0.460 0.208 0.01 0.0 

--- 
10-360-13 Idle 8.09 3.68 7.26 3.29 0.0094 0.0042 0.398 0.180 0.0 0.0 
LYC. 0 Takeoff 103.0 46.5 123.5 56.0 0.205 0.093 1.03 0.469 0.02 0.01 

Climbout 71.7 32.5 70.5 32.0 0.329 0.149 0.585 0.265 0.01 0.01 
Approach 36.6 16.6 25.3 11.5 0.372 0.169 0.355 0.161 0.01 0.0 

- -----_---- ---_____- _--- 
TIO-540- Idle 25.06 11.36 32.42 14.70 0.0097 0.0044 1.706 0.774 0.01 0.0 
JLU2 Taketiff 259 7 117.8 374.5 169.8 0.094 0.043 3.21 1.46 0.05 0.02 
LYC. 0 Cltmbout 204.5 'IL.7 300.8 136.4 0.0481 0.0218 3.40 1.54 0.04 0.02 

Approach 94.4 45. I 125.4 56.9 0.138 0.0623 I 33 O.604 0.02 0 01 
= ------- <m-p 

91~er~rc11ces I ,2 
b 

Abbrcvtationa: Al! - Datrott Diesel ALlthut~ U\vlb~~n of General Motors; Con - Teledyn~/Cunt~nentaL: GA -Garrett ALResearch: GE -General Elrr tric; 
l.yc - Avco/LyCOmln~; P&W - Pratl & Whhtrrey; PWC - Pratt L Whitney Atrcraft of Canada: Rfi - Rolls Royce; TJ - Turbojet; TF - Turbofan; 
TP - Turboprop; 0 -RHeclprocating (Ptetw) Oppoaed. 

‘Nktrogen oxider reported a* N02. 

“TohI Ilydrc,uarlllmr. Volalile iw~vllics, iltcluding utIllurwd hyllrocartr~)ns and orytiII,c pyrolysis products. 
c 
Sullur oxrdca rnd sulfuric acid relmrtrd aa SO2. Calculated from furl rate and 0.05 we nulfur in Jet A and Jet B fuel, or 0.01 wt% l ulfor in aviation 
gatiol~~e. nor turbtnc engines, the convrr(ltun ~6 therefore SO, (lb/hr) = 10m3 (fuel rate). and for piaton enginee. the conversion ir SO, (lb/hr) - 2 x 10e4 
(fuel rate]. 

lAll parlicublr dallr ore I’r~rn Hefrrencr 4. I)ors not itlclurle contlewihlr ct~mpouwls. 
K rhe IndLcated reference doee not .pectLy aeriea number for this model engine. 
h 

“D,luted smokclr6e” JT ED. Note: JT8D II a turbofan engine and ir not equivalent to the JT8 (Militiry 152) turbojet engine. 

iAll Itolls j{oyce d;~t;t iaru habrd up011 iln arbitrary 7%. IJIc. which dtws not reflect I be actual situation. In reality, ltolls Royce engines will idb ut S-b% 
wilh c~~rrrspr~ndw~iy higher ewssiws (t~efrrwcr 2). 

II- I- I I 



TABLE II- l-8. MODAL EMISSION RATES - MILITARY AIRCRAFT ENGINES” 

Model-Serncm Mode t-UC1 R41e CO 
b 

(C)vii Verlmn) A 
Total 112 d 

Ib/hr 
L 

Pa rticul&rcm” ’ 

MIgll Typeh ky,‘hr Ib/hr k&hr Ib,‘hr k#/‘hr Ib/hr Whr Ib/hr kg/tar Iblhr kC.,‘nr 
- 

J57- P-22 Id Ie 1017 493 64.4 29.2 2.7 I.2 55.8 25.3 I.1 0.5 a 1 38 
IJTJC) Tabroll 8355 3791 I4 v 6.8 93.3 42.3 54 2.4 a.4 3.a 12.9 5.4 

P&W TJ Cl&mbout 8 35d 3791 14.9 6.8 93.3 42.3 5.4 2.4 a.4 3.8 I2 0 54 
Approxh 1693 760 39 8 18. I 5.0 2.3 21.0 9.5 I.7 38 

- -_ _ - --. - -3.7 
- 

J65-W-20 Idle IS33 605 66.9 30.3 1.7 50 2.3 I.3 0.6 
WI-. TJ Takcolf 6421 2913 49.6 22 5 49.5 22 0 0.2 a. I 6.4 29 

Clmmboul 642I 29 I j 4’) b 22.5 48.5 22.0 0.2 0.1 6.4 29 
Approach 3f60 1479 52.6 23.9 23.7 IO a 0.9 0.4 3.3 I.5 __-- 

7%GE-IO -__ Idle . -- - I ;oo 499 48.0 - 2I.B 3.2 I.5 9.0 4.4 I I 05 57.8 26 2 
GE TJ Takcofi 35 19u lb053 611 9 277 6 241.3 109 5 17.2 7.6 J5.4 16.1 293 7 JJ5.9 

CLlllltlUUl 9baO 44tl2 52.0 23.6 151.0 ba 9 16.0 7.3 99 45 77 7 35.2 
A~q.m~ach 6190 2808 45.6 20 7 6s).9 31 7 4.1 1.9 6.:. 2.0 67.0 (ntim) 33.4 ---_.- _-...-___----___.--_- 

385-GE-SF Idle 524 JLR 93 3 42.3 u7 a.3 15.7 7 I 05 02 
Ctl TJ for 1’38 Takr ol! 8470 3942 L45.6 I Il.4 .!L 0 10.0 b.6 j. I 8.5 39 

C.llndJoul 1297 5Hd 55.8 25.3 3.0 1.4 45 2.0 I.3 0.6 
Apprmch I tl )a J’NI 63.7 tn.9 IO I 4 I.3 0.6 I I 05 .-- - _.. _ __ ..- __--. - .___ _. ._ _ _ __..--- -. ---- _ -_ 

JHS-cit.-fl Idle 4UlJ 111 65 6 Lb ‘I us Of 9.7 44 0.4 (if 
GE 1J ir~r F-5 I dkr<41 lObSO 4811 387.7 175.8 5’1 b 27.0 I.1 0.5 10.7 49 

Cllnllluul 3lCO 1452 69.0 31.) 16.0 7.3 0.8 0.4 J.L I.5 
Appro’ch ILVO 544 55.5 25. I 3.5 I 6 3. I 1.4 I.2 0.5 - - --.--. ._.. - __--_ - -.._. -___. -- --- 

?‘t 3U-I’-613 hlle 689 311 47.0 21.5 0.9 04 IL.9 
IJF’i It!) Takltolf LB 35 3100 21.1 9.6 82.1 37. I 6.9 

5.9 8: 0.3 
3. I 3 I 

l”LW IF CltrlllbJul bd 15 3100 21 I 9.6 82.3 37.3 6.9 3. I 68 3 1 
for A-7 App,ro.+< h 3550 IblU 22.4 IO 2 23.7 lo.8 IO.5 4.u 1.6 1 6 

--- .- 
TtHl-I’-dI2A Idlr Y”‘) 453 bM I 30 9 2.4 I. I 3sr 17.4 1.0 a5 20 i If i- 

(Jk 1 IOA) ‘1 akl*I>If 40:.1,11 IHl-l4 bO0.O 27L.L L70 0 I22 5 40 a 18. I 40.0 la.1 693 2 314 4 
f,bW ‘I’J L. I,l,lbo”t 7 311-l I154 15.7 7 I 123.2 55.9 0.7 0. 3 7.4 3.4 61 7 29 0 

fur F-14 ,ippr~a\ h 259H I l7d 39 5 17.9 lb.4 8.3 2.9 I.3 26 I.2 46 b (nom) 21.2 
---- ___--- .- ___-. ..-_.- - _...-. -_-- 

TF33-P-3/5/7 Id II? 8-16 384 74.9 34.0 I.5 07 77.8 35.3 0.8 04 44 20 
(JT:D) TaLcoff 9’i79 4526 13.0 5.9 109.8 49.8 3.0 1.4 IO 0 4.5 79.8 36 f 

P&-W TJ Cltrt>bout 7323 3322 I3.L 6.0 65.9 29.9 2.9 I.3 7.3 3.3 IO2 5 46 5 
A uoroach 3797 1722 34 2 

I, 
15.5 27.7 12.6 14.4 6.5 3.8 1.7 53.1 24 I 

-- - TF34-GE-400 Idle 457 207 35.0 15.9 0.6 G. 3 7 1 3.2 0.5 0.2 
GE TJ Takeoff 3736 1722 9.3 4.2 20.9 I.6 0.7 3.8 1.7 

Cl~rnboul 3796 1722 9.3 4.2 20.9 
8.: 

1.6 0.7 3.8 I.7 
Approrch 1296 sac 19.4 a.8 10.0 4.5 0.0 0.4 I.3 0.6 

II- I-12 



TABLE II- l-8 (CONCLUDED) 

bird?” fyph 

Mcde Fuel Rata 
~-- 
Ib/hr k~/lW 

co mb Total HCC cl 

lb/hr ku/hr 
L 

Partrculater C.f 

lb/hr kg/hr ib/hr kg,‘hr Ib/hr kg/hr ib,‘hr kg.‘hr 

Ti-IY-tiE-I i.i!e I I30 513 75.1 34.3 3.4 I.5 26.0 I I.8 I. I 0.5 0 30 
3.6 319.5 144.9 2.3 I.0 ii.4 5.2 l?.ifJ 

D I 
(JTIA) Takcoif I1410 5116 a.0 7.8 

GE TJ Cl~rnhout 5740 2604 4.0 1.8 160.7 72.9 I.1 0.5 5.7 Lb cog 3.6 
Approach 5740 Lb04 40 1.4 I60 7 72.9 I.1 0.5 57 24 8.08 36 

-- --- Tt‘Ql-A-2 Id ,e 1070 485 114.6 52:0 -- i-i 1.4 0.6 70.0 32. I 05 
All. TF T.Lktdf 9040 4101 II.4 6.5 201.4 91.4 53 2.4 90 4.1 

Cltn\bout 9040 4101 14.4 6.5 2oi 4 91.4 5.3 2.4 9.0 4. I 
Aeach 5314 2410 ---~- - 27.5 IL.5 --- 56.6 ~ 25.7 IL.9 5.9 5.3 2.4 --~- --.-,_-- --._-- 

l-loo-I'W-100 Idle 1060 481 20.5 9.3 4.2 I '1 2.4 I.1 1. I 05 a. 1g Ii 05 
(J-IF 22) Taktoff 44200 20049 2433.4 1104 7 729.3 330.0 4.4 2.0 44 2 20.0 0.0’ 00 

P&W TF Clrnlbout 10400 4117 I 8 'I 6.5 457.6 207.6 0.5 0.2 IO 4 4.7 8.bB 39 
Apprunsh 3ol-w 1361 9.0 4.1 13.0 15.0 I.8 a8 30 I.4 I.08 0.5 

-- ..-_ - 

T?1-I.-Ill, IJIC I42 64 
i 

4.L I.9 0.2 0. I 9.0 4.1 0.14 0.06 
I L-1 c. I) i. II II!LUdC b7Y 3U8 2.0 0.9 5.0 2.3 0.2 0. I 0.68 0.31 

Lye ‘IS Ap,,, oa*:h 679 108 2.0 0.9 50 2.3 0.2 0.1 0,6& 0 31 
-.__--_._--- ----_____-__ --_ ----~.------ ~-- 
‘T?5-L-I I.4 Idle i 29.5 13.4 0.6 4.0 4.0 1.B 

ll.1CJI Cllrllbout 14.5 6.6 18.6 1.4 0.2 il. t 
I-)< i:, /‘.)+r’uch IL.9 5.9 9. I 4.1 0.3 0. I 

---. ..--.-. .- 
-;G.r.E.5 _. Idlr L33 tU - 

-_- .-- .- -_-.-._- --------. 

c;c: 1:; Cl,lllbuuli MS6 402 
22.5 10.2. 0.2 0.1 IL.9 5.9 01 0.05 0. Ii- 0 Oi 

5.0 2.3 6.4 2.9 0.7 0.3 0.9 0.4 08 3.4 
A,';'L.wLII &!3b 402 5.0 2.3 b.4 2.9 07 0.3 0.9 0.4 08 04 

--__-- --..----_ ---- -._-- .-----. 2 

~Hcferrltcr I. 
b 

Sulfur oxtdem and sulfurtc l .cld reported ds SO2. Calculated from fuel rate and 0.05 wt% wlfur in JP-4 or JP-5 fuel, or 0.01 wt% rulfur in l viati-n garoi~ne. 
For t,rrbtne engrnes. the convrr~~~~ 1s thcrrfore SO, (Ib/hr) - IO-3 (fuel rate). and for pirton enginea. the ~onvcr~~on ia SO,, (lb/hr) : 2 x IO-4 (fuel rate). 

‘ioci,,dcr ali ‘qcondenrible prrticulrtrm. 1’ and thur may be much higher than solid particulate* alone (except aa noted 
in g below). 

c ‘Nom.” data are interpolated valut# amourned for calculational purpoatr. in the absence of e~pcrlmentrl data. 

*Dry particlcm only. 

I11 0s .al~lucri;itiiiiis, sue I~~~tn~~tr. isblr 1 I- I ?. 

1. i .,hc~8tl” II~~MI~ is IIII~CIIIIC~I llrr I~clicc~~rtera. 

II- I- I:: 



TAIBLEII- 1-9. EMISSION FACTORS PER AIRCRAFT PER LANI)ING/TAKEOFF CYCLE-CIVIL AIRCRAFTa 

Power PLnP 
. 

co 
c 

TotaL HCd 
Conrnlcr‘ul carrmr so. 

Particutrtaa 

AIrcraft NO. Mfg. Model-Serier lb k8 -iG- km lb ka lb kll lb ka 

Short, Medium, Long Range 
and Jumbo JCCD 

RAC/Arrorpstialc Concorde 
BAC Ill-400 
bCl,,K 707- 320t3 
Buelny 727-200 
Boetntj /3/-LOU 
Buelng 747-2008 
noemg 747-LOOH 
nocln(( 747-LrmB 
Lockheed LIOtl-200 
Lockt~erd l.lOlI-100 
M~D<mnrll-lhuyl.s Wet)-6, 
McDonnell-Douytam DC9-50 
McDonnell-LJouyIrm DCIO-30 

4 RR 
2 RR 
4 I’LW 
3 P&W 
2 P&W 
4 P&W 
4 I’LW 
4 Hi 

H R 
: HH 
4 I’& w 
2 PkW 
3 GE 

OLymp 591 847.0 184.0 91.0 
spcy 511 103. 36 46.8i1 15.04 
JT3D-7 262.64 119.12 25.611 
JTBD- 17 55.95 25.38 29.64 
JTLID-17 17. JO 16.92 19.76 
JTYU-7 259. b4 111.7fP 83.24 
JT’ID-70 lob.92 49 40 IC7.48 
ItIjLI 1-52-i 66.76 30.2f3 124.9 
HBLII-524 50.07 27 71 ~3 bb 
HBLIL-22B 199.4 90 44 64.21 
JTJl)-7 262 64 IIY IL 25 68 
JTLW- 17 37.30 16 92 19 76 
CF6-5OC I 16.88 51.01 49.59 

41.0 246.0 I IL.0 14.1 6.4 
6.82 72.42 32.85 1.70 0 77 

2Lrt.24 99.00 
Il.44 6.09 

0.96 4.06 
96.92 43.96 
22.40 10.16 

ire 1 94 
1.27 1.48 
2. I8 0 99 
7. I6 1.25 
7.96 3 61 

II.64 
Il.44 

8 Yb 
17 76 
48 76 
56 65 
42.40 
29 lb 
II 64 

fJ Yb 
22 I7 

Air Carrier Turbopropa - 
hmnutcr. Feeder Ltne and 
Fret ‘yhtcra 

Beech 99 2 PWC PTbA-28 7.16 1.25 0.82 0.17 5.01 2.30 0.18 0.08 
CD/Convair 5ttO 2 All SOL 24.10 11.06 21.66 9.82 9.82 4.45 0.92 0.42 
Dell;rvillarnl ‘TWlll ottrr 2 PWC PTIA -27 7.16 3 25 0.82 0.37 5.08 2.10 0. II 0 08 
Fatrchttd FL7 and k tl227 2 HR R.Da.7 36. LL lb.45 0.92 0.42 22.42 IO.17 0.58 0 26 
Crunrmrn Coo#e 2 PWC PTbA-27 7.16 J L5 0.82 0.37 5.08 2.10 0.18 0.08 
Lockheed Llllb Electra 4 All 501 48.76 22.12 43.32 19.65 19 64 8.91 I.04 0.81 
Lo< kheed LIOO Hsr~ulc@ 4 All 501 40.76 22.12 43.12 19.65 I 9.64 8.91 I 84 0.83 
Swcaru1yrn Metro-L 2 GA TI’E 331-1 6.26 2.84 I.16 0.51 7 68 1.48 0. 16 0.07 

I 4b 0 66 
4.52 2.05 
1.17 0.53 
0 70 0.15 
5.20 2 3b 
5.20 2.16 

10.00 4.54 7.52 3 41 
7 50 1.40 5.64 2 56 

13tt.;- b2.77 4 95 2.24 
218 24 99 00 3 27 I 48 I I7 0 53 

Lt.96 4.06 2 In 0 99 0.7b 0.15 
47. IO 21.36 4.90 2.26 0 21 0 IO 
--- -_- 

0 4b 0.21 

II- l-4 I 2/80 



General Aviation 
Aircraft 

TABLE II- 1-9 (CONCLUDED) 

Power PlanP co 
c 

NOx 
Total HC? sd Particulater 

No. Mfg. Model-Series lb ka lb kit lb ku + kix lb ke 

Creana Citation 
Darmult Falcon 20 
Gates Learjet LID 
Gatea Learjet 35, 36 
Rockwell 1ntcrnational 

Shoreliner 75A 

2 P&W JTlSD- I 19.50 8.85 2.00 0.91 6.12 3.05 0.40 0.18 
2 GE CF700-2D 76.14 34.54 1.68 0.76 7.40 3.36 0.78 a.35 
2 GE CJ6lO-6 88.76 40.26 1.58 0.72 8.42 3.82 0.84 0.38 
2 GE TPE 731-2 1 I.26 5.1 I 3.74 1.58 3.74 1.70 0.92 0.42 
2 GE CF 700 76.14 34.54 1.08 0.76 7.40 3.36 0.78 0.35 

--__ ___- _ -__----- 
Busmess Turbopropa 

JEPA Clasr P21 

Beech D99 AirlIner 2 PWC PTbA - 27 7.16 3.25 0.82 0.37 5.08 2.30 0.18 0.08 
Detlavillrnd Twin Otter 2 PWC PTLA - 27 7.16 3.25 0.82 0.37 5.08 2.30 0.18 0.08 
Short* Skyvrn- 3 2 GA TPE-331-L 6.44 2.92 0.883 0.400 8.40 3.81 0.16 0.07 0.46 0.21 
Swaarinyen Merlin lIlA 2 GA TPE-331-3 6.28 2.85 I.15 0.522 7.71 3.50 0.16 0.07 0.46 0.21 

~~- ---- 
General Aviation Piston 
[EPA Ckae PI1 

Cemanr I50 
Piper Warrior 
Ccralu Preseurired 

Skymuster 
Piper Navajo Chieftain 

1 Con O-200 8.32 
1 LYE O-320 14.37 
2 Con TSlO-360C 33.10 

2 LYC T IO-540 96.24 

3.77 0.02 0.01 0.23 0.10 0.0 0.0 
6.52 0.02 0.01 0.26 0.12 0.0 0.0 

15.01 0.13 0.06 1.15 0.52 0.0 0.0 

43.65 0.02 0.01 I.7b 0.80 0.0 0.0 

“ltrfrrrnce 2.. 
b 
Abbreviationa: All -Detroit Dieael All~mn Division of General Motors; Con - Teledyne/Continental; GA -Garrett AiResearch; GE - General Electric; 
LYC - Avco/Lycoming; PkW - Pratt & Whitney; PWC - Pratt 61 Whitney Aircraft of Canada; RR - Rolla Royce. 

‘Nitrogen oxidcr reported . . N02. 

d’l.c~tal tryth~corh~~lls. VOk+tile Mganics, including unburned hydrocarbons and otaoic l.~yrolyrb products. 

‘SuIf~r oxtdra and mulfurtc acid reported am SOL. 
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Table 11-l-10. EMISSIONS FOR MILITARY AIRCRAFT LANDING/TAKEOFF CYCLESa 

TIHb CO NO ’ Total HCd Power plant -- 
No. Model/Series code 

x 
SOxe Particulaces 

lb kg lb kg lb kg lb kg lb -- --- ---__ -- __~ kg 

Fixed Wing - ‘lurbine 

A-4C Skyhawk 1 
A-J Cursair 2 1 
A-J Corsair 2 1 
H-5211 SLratofortress 8 
F-4 Phantom 2 2 
F-5 Freedom 

Fighrer/Tlger 2 
F-14 ‘TomcaL 2 
F-ISA Eagle 2 
F-16 - 1 
C-5A Galaxy 4 
C-l 30 Hercules 4 
KC-135 Stratotanker 4 
C-141 Starlifter 4 
T-34C Turbo Mentor I 
T-38 Ta 1 on 2 

P- )C Or ion 4 
S3A Viklug 2 

He1 icopters - Turbine 

UH- 1 II I ruquuis/Huey 1 
HII- 3 Sea King/Jo1 ly 

Green Giant 2 

‘I’5 I-L- 1 1 I) 0.70 1.19 0.54 2.53 1.15 

‘1‘58-r;E-5 

I.>5 

13.54 6.14 3.02 1.37 6.78 3.08 

Cll-4 7 Chinook 2 ‘T55-I.-1lA 20.94 9.50 6.68 3.03 2.10 0.95 ___.-- _- -- -I__- -__-- --- 
EKeferencr I. 

Defined in Table II- l-5. 
~Nitrogrn oxides reported as NO:). 
-Toi; Irydrocarbons. Volatile organics, including unburned hydrocarbons and organic pyrolysis products. 
‘Suliur oxides and suliurlc acid reported as SO?. 

Jb5-W-20 2 16.62 7.54 2.15 0.98 1.10 0.50 0.46 0.21 
TP30-P-68 2 11.10 5.03 2.05 0.93 3.18 1.44 0.35 0.16 
TY41-A-2 2 25.79 11.70 4.83 2.19 15.76 7.15 0.52 0.24 

TF- )3-P-3/5/8 7 504.08 228.65 53.04 24.06 505.76 229.41 10.24 4.64 
JJ9-CE-10 2 32.24 14.h2 10.88 4.94 4.94 2.24 1.46 0.66 

.185-CK-21 1 76.64 34.76 2.10 0.95 10.04 4.55 0.76 0.34 
TI:30-P-4 12A 2 39.88 18.09 7.62 3.46 17.36 7.87 1.24 0.56 
FIOO-PW-100 1 54.40 24.60 29.96 13.58 2.68 1.22 2.32 1 .06 
FIOO-PW-100 I 27.20 12.34 14.98 6.79 1.34 0.61 1.16 0.53 
TF?Y-GE-1 5 82.12 37.25 79.60 36.11 28.08 12.74 3.84 1.74 
T5 6-A- 7 6 32.3b 14.68 9.60 4.35 20.28 9.20 1.60 0.73 
J5 J-P-22 7 220.92 100.21 24.64 11.18 185.56 84.17 5.36 2.43 

TF33-P-3/ 5/J 5 92.40 41.91 19.20 8.71 07.68 39.77 3.00 1.36 
Pl’bA-27 2 1.73 0.73 0.15 0.07 1.27 0.58 0.03 0.01 
.J85-GE-5F 3 82.72 32.99 1.22 0.55 10.42 4.73 0.62 0.29 
T56-A-7 6 32.3b 14.68 9.60 4.35 20.28 9.20 1.60 0.73 
TF34-GE-400 6 34.18 15.50 4.04 1.83 6.44 2.92 1.02 0.46 

0.20 

0.44 

0.09 

0.20 

94.08 42.67 
33.92 15.39 

24.24 11.00 
0.44 0.20 
0.22 0.10 
4.12 1.87 
4.36 1.98 

31.36 14.22 
33.00 14.97 

4.36 1.98 

0.40 0.18 



ll- 1.3 Modal Emission Rates and Emission Factors per LTO Cycle 

The first step in the calculation of aircraft emission factors is 
the development of a set of modal emission rates. These represent the 
quantity of pollutant released per unit time in each of the standard 
modes. Each mode is characterized by an engine power setting (given in 
Tables II-l-5 and II- l-6) and a fuel rate (the quantity of fuel 
consumed per unit time). 

The following procedure is for calculation of aircraft emission 
factors per LTO cycle, starting with engine modal emission rates: 

1) For a specific aircraft, determine the number and model of 
engines, using for example, Tables II- l-l or II-1-2. 

2) Using Table II-l-7 or 11-l-8, locate the appropriate engine 
data, and prepare a list of modal emission rates ,for each mode 
m and pollutant p: 

3) Using known military assignment and mission, or civil aircraft 
type and application, use Table II-l-3 or II-l-4 to select 
an appropriate set of times-in-mode (TIM),. 

4) For each mode m and pollutant p, multiply the modal emission 
rate and TIM data for each mode and the sum over all modes. 
This will yield an emission factor per engine, which must be 
multiplied by the number of engines, N, to produce the emission 
factor per LTO cycle, E 

P' 
for an aircraft: 

E 
P 

= N C (2) . (TI??), 
md 

On a conveniently laid out work sheet, this calculation can be set up 
easily on a hand calculator with one storage location. 

Emission factors calculated in exactly this way are presented in 
Tables II-l-9 and 11-l-10. 

References for Section II-1 

1. D. R. Sears, Air Pollutant Emission Factors for Military and Civil 
Aircraft, EPA-450/3-78-117, U.S. Environmental Protection Agency, 
Research Triangle Park, North Carolina, October 1978. 

2. R. G. Pace, "Technical Support Report - Aircraft Emission Factors", 
Office of Wobile Source Air Pollution Control, U.S. Environmental 
Protection Agency, Ann Arbor, XI, March 197i. 

II-l-17 



3. Control of Air Pollution for Aircraft and Aircraft Engines, 
38 FR 19088, July 17, 1973. 

4. M. Platt, et al., The Potential Impact of Aircraft Emissions upon Air 
Quality, APTD-1085, U.S. Environmental Protection Agency, Research 
Triangle Park, NC, December 1971. 
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II- 2 Locomotives 

II- 2. I General - Railroad locomotives generally follow one of fwo use patterns: railyard switching or road-haul 
service. Locomotives can be classified on the basis of engine configuration and use pattern into five categories: 
I-stroke switch locomotive (supercharged), 4-stroke switch locomotive. Z-stroke road service locomotive 
(supercharged), l-stroke road servtce locomotive (turbocharged). and 4-stroke road service locomotive. 

The engine duty cycle of locomotives is much simpler than many other applications involving diesel internal 
combustion engines because locomotives usually have only eight throttle positions in addition to idle and 
dynamic brake. Emission testing is made easier and the results are probably quite accurate because of the 
simplicity of the locomotive duty cycle. 

II-Z.1 Emissions - Emissions from railroad locomotives are presented two ways in this section. Table II-J-1 
contains average factors based on the nationwide locomotive population breakdown by category. TableII-1-Z 
gives emission factors by locomotive category on the basis of fuel consumption and on the basis of pork output 
(horsepower hour). 

The calculation of emissions using fuel-based emission factors is straightforward. Emissions are simply the 
product of the fuel usage and rhe emission factor. In order to apply the work output emission factor, however, an 

TableII-2-l. AVERAGE LOCOMOTIVE 
EMISSION FACTORS BASED 

ON NATIONWIDE STATISTICS’ 

I 

Pollutant 
Average emissionsb 

lb/lo3 gal/kg/lo3 liter 

ParticulatesC 
I 

25 
Sulfur oxidesd 57 

(SO, as SO2) 
Carbon monoxide 130 
Hydrocarbons 1 94 
Nitrogen oxides 370 

(NO, as NO21 
Aldehydes 5.5 

(as HCHO) 
Organic acidsC 7 

3.0 
6.8 

16 
11 
44 

0.66 

0.84 

a Reference 1. 
b Basad on emission data contained an Table II- 2-2 

and me breakdown of IocomotNe use oy eqlne 
category in the Unctad States in Reference 1. 

’ Data based on highway dresel data from Reference 
2. No actual locomotive parriculate fast data are 

available. 
d Based on a fuel sulfur content of 0.4 percent from 

Reference 3. 
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TaMeII-2-2. EMISSION FACTORS BY LOCOMOTIVE ENGINE 
CATEGORY’ 

EMISSION FACTOR RATING: B 

Pollutant 

Carbon monoxide 
lb/lo3 gal 
kg/l @ liter 
glhphr 
g/m&!tric hphr 

Hydrocarbon 
lb/l@ gd 
kg/l@ liter 
g/hphr 
g/metric hphr 

Nitrogen oxides 
(NO, as N02) 
lb/l@ gal 
k@ld lifer 
gfhphr 
a/metric hDhr 

- r 
2-Stroke 

supercharged 
switch 

84 
10 
3.9 
3.9 

190 
23 
8.9 
8.9 

250 
30 
11 
11 

Engine category 

4-Stroke 
stitch 

380 
46 
13 
13 

146 
17 
5.0 
5.0 

490 
59 
17 
17 

‘L-Stroke 
supercharged 

road 

88 
7.9 
1.8 
1.8 

148 
18 
4.0 
4.0 

350 
42 

9.4 
9.4 

2-Stroke 
turbocharged 

road 

160 
19 
4.0 
4.0 

28 
3.4 
0.70 
0.70 

I 

4-Stroke 
road 

180 
22 
4.1 
4.1 

99 
12 
2.2 
2.2 

330 I 470 
40 56 

8.2 10 
8.2 10 

a Use average factors ITabieII-2-l I for pollutants not lusted m this table. 

additional calculation IS necessary. Horsepower hours can be obtained using the following equation: 

whe re 

w=lph 

w = Work output (horsepower hour) 

I = Load factor (average power produced durmg operation divtded by available power1 

p = .%vallable horsepower 

h = Hours oi usage at load factor (I) 

After the work output 1~s been determlned. emissions are stmpiy the product oi the *.vork output and the 
ermss~on castor. An Jpproxunate Ir’~d t&tor for a line-haul loc:omotive (road xrvice) IS 0.4: 3 typicd wit& 

engme !oad !‘ailor 1s approxmlately 0 Oh.’ 

References for Section II- 2 

1. Hare. C.T. and K.1. Sprtnger. Esh.~ust Emissions from Uncontrolled Vehicles and Related Equipment Using 
Internal Combustion Engmes. Part I. Locomotive Diesel Engines and Slarme Counterparts. Final Report. 
Southwest Research Instrtute. San Antonlo, Texas Prepared for the Environmental Protection Agency, 
Research Trlanele Psrk. N.C.. under Contract Number EHA X-108. October 1972. 

’ -. Ytung. T.C. Unpublished Duta from the Engine Manuiasturers Asstilation. Chicago. III. Ma)- 1970 

;. Hanle!. G.P. Eshaust EmlssIon Inl‘ormarion on Electra-Motive Rakoad Locomotives and Diesel Engines. 
General Motors Corp. Warren. 411ch. October 1971. 
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K I- 3 Inboard-Powered Vessels 

X1-3.1 General - Vessels classified on the basis of use will generally fail into one of three categories: commercial, 
pleasure, or military. Although usage and population data on vessels are, as a rule, relatively scarce, information on 
commercial and military vessels is more readily available than data on pleasure craft. Information on military 
vessels is available in several study reports, L-s but data on pleasure craft are limited to sales-related facts and 
tigures$-10 

Commercial vessel population and usage data have been further subdivided by a number of industrial and 
governmental researchers into waterway classifications ’ ‘-I6 (for example, Great Lakes vessels, river vessels, and 
coastal vessels). The vessels operating in each of these waterway classes have similar characteristics such as size, 
weight. speed, commodities transported, engine design (external or internal combustion), fuel used, and distance 
traveled. The wide variation between classes. however, necessitates the separate assessment of each of the,waterway 
clssses with respect to air pollution. 

information on military vessels is available from both the U.S. Navy and the U.S. Coast Guard as a result of 
studies completed recently. The U.S. Navy has released several reports that summarize its air pollution assessment 
work.3-5 Emission data have been collected in addition to vessel population and usage information. Extensive 
study of the air pollutant emissions from US. Coast Guard watercraft has been completed by the U.S. Department 
of Transportation. The results of this study are summarized in two reports. I-* The first report takes an in-depth 
look at population/usage of Coast Guard vessels. The second report, dealing with emission test results, forms the 
basis for the emission factors presented in this section for Coast Guard vessels as well as for non-military diesel 
vessels. 

Although a large portion of the pleasure craft in the U.S. are powered by gasoline outboard motors (see section 
11-4 of this document). there are numerous larger pleasure craft that use inboard power either with or without 
“out-drive” (an outboard-like lower unit). Vessels falling into the inboard pleasure craft category utilize either Otto 
cycle (gasoline) or diesel cycle internal combustion engines. Engine horsepower varies appreciably from the small 
“auxiliary” engine used in sailboats to the larger diesels used in yachts. 

I I-3 2 Emissions 

Commercial vessels. Commercial vessels may emit air pollutants under two major modes of operation: 
underway and at dockside (auxiliary power). 

Emissions underway are intluenced by a great variety d factors including power source (steam or diesel). engine 
size (In kilowatts ur horsepower). t’uel used (coal, residual oil, or diesel 4). and operating speed ;md load. 
Ctimmercial vessels operating within or near the geographic boundaries ot rhz I.‘ni’ccl States thll into one of the 
three categories of use discussed above (Great Lakes. rivers, coastline). TJble\IIa- 1 mdII-3-3 contain emission 
information on commercial vessets falling into these three categories. T;lble 11-3-J presents emission factors for 
diesel marine engines at various operating modes on the basis of horsepower. I hese da!;1 ;11e applicable to any vessel 
having 3 similar size engine. not just to commercial vessels. 

Unless a ship receives auxiliary steam from dockside facilities. goes immediately into drydock, or is out of 
operation after arrival in port. she continues her emissions at dockside. Power must be made available for the ship’s 
lighting, heating. pumps. refrigeration. ventilation, etc. A few steam ships use auxiliary engines (diesel) to supply 
power. but they generally operate one or more main boilers under reduced draft and lowered fuel rates-a very 
inefficient process. Motorships (ships powered by internal combustion engines) normally use diesel-powered 
generators to t’urnish auxiliary power. I7 Emissions from these diesel-powered generators may also be a source of 
underway emissions if they are used away from port. Emissions from auxiliary power systems. in terms of the 
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TableII-3-1. AVERAGE EMISSION FACTORS FOR 
COMMERCIAL MOTORSHIPS BY WATERWAY 

CLASSIFICATION 
EMISSION FACTOR RATING: C 

Classc 

Emissionsa River I Great Lakes I Coastal 

Sulfur oxidesb 
(SO, as SO2) 
kg/lo3 liter 
lb/lo3 gal 

I 

3.2 3.2 i 32 
27 27 27 

I 

Carbon monoxide 
kg/lo’ liter 12 13 13 
lb/lo3 gat i 100 110 110 

Ti.T~;, 1 E 1 zJ i ii: 
kg/l3 titer 33 31 32 
lb/lo3 gal 280 260 270 

I 4 I 

aExprMed as function of fuel consumad (basad on emlrsion data from 
Reference 2 and population/usage data from References 1 1 through 16. 

bcalculated, not measured. Based on 0.20 parcent sulfur content fuel 
and density of 0.864 kg/litrr (7.12 lb/gal1 frwn Reference 17. 

cVery approximate part~culata emission factors from Reference 2 are 
470 g/hr (1.04 Ib/hr). The reference does not contam sufficlant 
information to calculate fuel-bawd factors. 

quantity oi fuel consumed. are presented in Table 11-34. In some instances. fuel quantities used may not be 
;Ivailable. so calculation of emissions based on kilowatt hours (kW ) produced may be necessary. For operating 
loads rn excess of zero percent, the mass emissions I.!I ; in kilograms per hour (pounds per hour) are gven by: 

el = klef 

where: k = a constant thar relates fuel consumption to kilowatt hours.2 

th3t is. 3.63 x 10-j 1000 liters fuelikWh 

(1) 

or 

9.59 x lo-’ 1000 gal fuel; kWh 

I = the load. kW 

ef = the fuel-specitic emission factor from Table 3J.X. kg!!03 liter (lb/lo3 gal) 
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TableTI-3.2. EMISSION FACTORS FOR COMMERCIAL STEAMSHIPS-ALL GEOGRAPHIC AREAS 
EMISSION FACTOR RATING: D ---_----..- _._ __ --____---____ _- 

---. ---I Fuel and ooeratinq mode” 

.___.__ - -- 

Hotel ing 1- t------ 

Pollutant l kg/lo3 
liter 

Parliculatesc 

Sulfur oxides 
ISO, as S02Ie 

Carhon monoxidec 

Hydrocarhonsc 

Nitroyen oxides 
(NO, as NO21 

1.20d 

19.1s 

Negd Negd 

0.38d 3.2” 

4.37 36.4 

tt,:10.’ kg/W’ lb/l0 
yal ltter gal 

ro.od 
159s 

Residual oil” 

Cruise 

2.40 

19.1s 

20.0 

159s 

0.414 3.45 

0.082 0.682 

6.70 55.8 

T Full 

kg/IO3 lb/lo-’ 
liter gal 

6.78 56.5 

19.1s 159s 

0.872 7.27 

0.206 1.72 

7.63 63.6 

-r 

Hoteling T 
kg/@ 

liter 

1.8 

17.0s 

lb/ 10’ 
gal 

15 

142s 

kg/lo3 
liter 

1.78 

17.0s 

lb/lo3 
gal 

15 

142s 

0.5 4 0.5 4 

0.4 3 0.4 3 

2.66 22.2 2.83 23.6 

Distillate oilb 
----___ f 

Cruise 

i 

Full 

kg/ 10’ fb/t03 
liter gal 

1.78 

17.0s 

0.5 

0.4 

5.34 

15 

142s 

4 

3 

44.5 

‘The operatmg modes are based on the percentage of maximum available power: “hoteling” is 10 to 11 percent of available power, “full” ts 100 percent of available power, and 
“UUIW” IS an ~tcrmed~ate power 135 to 75 percent, depending on the test organization and vessel tested). 

b Test organlrdtmns used “Navy Spcctal” fuel WI. which IS riot a true residual 011. No vessel test data were available lor residual 011 combustion. “Aesldual” 011 results are from 
Relcrences 2, 3, and 5. “Dlsttllate” 011 results are lrom References 3 and 5 only. Exceptions are noted. “Navy Distillate” was used as disttllate test fuel. 

2 
rirtIculate. carbon rnonoxtde. and hydrocarbon emlsslon factors for distillate 011 combustton are based on stationary howlers (see Section 1.3 of 011s tlocumentl. 

Heferenct! 18 tndtcotes that carbon monoxrde emrtte0 tlurmg horelmg IS small enough to be consrderetl neghgible. Thrs reference also places hydrocarbons a1 0.38 kg/lo' hcer 13.2 
IbllO’ gall anti tx+r~~culate at 1.20 kg/lo’ Ititer (10.0 lh/lO’ gall. These data are tttcluded for completeness only and are not necessartly comparable wtth other tabulated data. 

eEm~sston l~clors Ilsted are theoretrcal 111 that they are based on all the sulfur fin the lucl convertmg to sulfur dloxlde. Actual test data from References 3 and 5 conflrm the validity of 
these theoretlcal factors “s” 1s fuel sulfur content 111 percent. 
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TableIT-3-3. DIESEL VESSEL EMISSION FACTORS BY OPERATING MODEa 
EMISSION FACTOR RATING: C 

Horsepower 

Emis3ionsb 
Nitrogen oxides 

Carbon monoxide Hydrocarbons (NO, as NO21 

i ‘b;;p 
kg/IO3 lb/lo3 kg/lo3 lb/lo3 kg:lO’ 

Mode liter gal liter gal liter 

200 Idle 210.3 25.2 391.2 46.9 6.4 0.8 
Slow 145.4 17.4 103.2 12.4 207.8 25.0 
Cruise 126.3 ’ 15.1 170.2 20.4 422.9 50.7 
Full 142.1 17.0 I 60.0 7.2 / z55.0 30.6 

300 Slow 59.0 7.1 56.7 6.8 i 337.5 40.4 
, Cruise 47.3 5.7 ; 51.1 j 6.1 / 389.3 46.7 

Full 58.5 7.0 ’ 21.0 2.5 275.1 33.0 
500 Idle 282.5 33.8 118.1 14.1 99.4 11.9 

Cruise 99.7 11.9 44.5 5.3 338.6 40.6 
FlJll 84.2 10.1 22.8 j 2.7 , 269.2 32.3 

600 Idle 17t.7 20.6 ; 
1 

68.0 8.2 I 
i 

307.1 , 36.8 
Slow 50.8 6.1 16.6 2.0 25-1.5 30.1 
Cruise 77.6 9.3 24.1 

I 
I 2.9 j 349.2 41.8 

700 idle 293.2 35.1 95.8 11.5 246.0 29.5 
Cruise j 36.0 4.3 8.8 1.1 452.8 54.2 

900 Idle I 223.7 f 26.8 1 249.1 I 29.8 107.5 12.9 
2i3 62.2 7.5 ’ 16.8 
Cruise 80.9 ! 9.7 17.1 

I 

I 
1580 I ’ i SIOW 122.4 14.7 I - - 371.3 : 44.5 

Cruise 44.6 5.3 1 - 623.1 ’ 74.6 
Full i 237.7 1 28.5 ; 16.8 2.0 472.0 j 5.7 

2500 Slow 1 59.8 1 7.2 j 22.6 I 2.7 419.6 50.3 
i 2i3 126.5 I 15.2 1 14.7 1.8 : 326.2 39.1 
i Cruise 78.3 ! 9.4 : 16.8 2.0 391.7 

I 
46.9 

/ Full ! 95.9 / 11.5 21.3 ! 2.6 399.6 j 47.9 
3600 : Slow 148.5 ’ 17.8 60.0 / 7.2 ’ 367.0 i 44.0 

’ 213 ! 28.1 j 3.4 25.4 ’ 3.0 I 358.6 43.0 
Cruise 41.4 I 5.0 32.8 4.0 ’ 339.6 40.7 

: Full 62.4 i 7.5 29.5 
! 

3.5 j 307.0 : 36.8 

%eference 2. 
%rtcu~are am-i sultur oxodes data are ml avaIlable. 
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TableII-3-4. AVERAGE EMISSION FACTORS FOR DIESEL-POWERED ELECTRICAL 
GENERATORS IN VESSELSa 

EMISSION FACTOR RATING: C 

Emissions 

I 
Sulfur oxides 

Rated Load,c (SOx as S02)d 
output,b % rated lb/lo3 kg/l o3 

kW : output gal j I iter 

Carbon Hydro- Nitrogen oxides 
monoxide I carbons (NO, as N02) 

lb/lo’ kg/lo3 I lb/lo3 kg/lo3 lb/lo3 kg/lo’ 
gal liter I gal liter gal liter 

20 0 27 1 3.2 150 ’ 18.0 I 263 ; 31.5 434 52.0 
25 27 : 3.2 79.7 9.55 : 204 24.4 444 53.2 
50 i 27 3.2 53.4 6.40 ! 

! 
144 17.3 477 57.2 

75 I 27 3.2 28.5 3.42 84.7 10.2 495 59.3 
40 0 27 3.2 153 18.3 584 70.0 214 25.6 

25 27 3.2 89.0 
’ 

10.7 370 44.3 219 26.2 
50 27 3.2 67.6 8.10 285 34.2 226 27.1 

j 75 27 3.2 64.1 7.68 231 j 27.7 233 27.9 
200 : 0 27 3.2 134 16.1 j 135 16.2 142 17.0 

25 27 1 3.2 97.9 I 11.7 I 33.5 4.01 141 16.9 
50 27 3.2 62.3 I 7.47 17.8 2.13 140 16.8 
75 27 3.2 26.7 3.20 17.5 2.10 137 16.4 

500 j g; 

/ 

;; 33:; 

/ ’ 

55::: 7:oo I 

I / 

z: 25.0 153 18.3 

3.2 48.1 640 5.76 81.9 13.0 9.8 222 293 26.6 35.1 
75 i 27 3.2 43.7 ( 5.24 

j 
I 59.1 7808 364 43.6 

aReference 2. 
b Maximum rated output of the dlesel-powered generator. 

‘Generator electrical output (tar example. a 20 kW generator at 50 percent load equals 10 kW outputl. 
d 

Calculated, not measured, based on 0.20 percent fuel sulfur content and density of 0.854 kgltlter (7.12 lb/gal) from Reference 17. 

At zero load conditions. muss emission rates (ef j may be approximated in terms of kg/hr (lbi’hr) ustng the 
following relationship: 

el = kiratedef 

where. k = ;I consrant that relates rated outpu: ;~nd iuef ionsumptltin. 

that IS. 6.93 x 10-S 1000 liters <uel:kW 

(2) 

1.83 x IOs IO00 gal fuel/kW 

‘rated = the rated output. kW 

ef = the fuel-specttic emission I‘dctor from T~bl~II-.~-4. 4~. IO3 liter (lb/IO3 gal) 

Pleasure cruji. Many of the engtne destgns used in inboard pleasure craft are also used either in military vessels 
!diesel) or in highway ve!ticles (gasoline). Out of a total d 700.000 inboard pleasure craft :egisterell in the Unrted 
h&es in 1973. neuriy 300.000 were inboardioutdrivc. According to sales data. 60 to 70 percent of these 
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inboardioutdrive craft used gasoline-powered automotive engines rated at more tilan 130 horsepower.6 The 
remaining 400.000 pleasure craft used conventional inboard drives that were poRered jy a variety of powerplants. 
both gasoline and diesel. Because emission data are not available for pleasure craft. Coast Guard md automotive 
data2 *’ 9 are used to characterize emission factors for this class of vessels In Table I I-3.5. 

.Vilifqv vessels. Military vessels are powered by a wide variety of both diesel and jt<arn power plants. Many of the 
emission data used in this section Ltre the result of emission testmg programs conducted by the U.S. Navy and the 
U.S. Coast Guard.‘-’ +’ A separate table containing data on military vessels is not provided here, but the insluded 
tables should be sufficient to calculate approximate military vessel emissions. 

TABLEII-3.-5. AVERAGE EMISSION FACTORS FOR INBOARD PLEASURE CRAFTa 

EMISSION FACTOR RATING: 0 

Pollutant 

Sulfur oxidesd 
60, as SO2J 

Carbon monoxide 

kgilo I Ib/lO’ ! kg/lo-l lb/lo3 
liter j 91 liter gal 

Hydrocarbons 

3.2 I 27 i 0.77 
I I 

17 140 ; 149 

22 1 180 10.3 
! I 

41 340 / 15.7 Nitrogen oxrdes 
(NO, as NO21 j i I I I 

Based on fuel consumption 

Oiesel engineb / Gasoline engineC 

6.4 

1240 

86 

131 

L . 

Based on operating time 

Diesel engineb Gasoline endin& 
kgihr I Ib/hr kgihr 1 lbihr 

L 

1 0.008 ; 0.019 

/ 

I 

L 

1.69 

- 0.117 
I 

- 0.179 

I 3.73 

; 0.258 

1 0.394 

‘Average ern~ss~on factors are based on the duty cycle developed for ‘arge outboards (1 48 kllouvatts or Z 65 horsepower1 from Refer. - 
ence 7. The above factors take Into account the Impact of water scrubbing of underwater gasoline engbne exhaust, also from Reference 
7. All values gwen are for single engine craft and must be modlfled for murtiple englne vessels. 

bBased on tests of dresel engines in Coast Guard vessels, Reference 2. 
CBased on tests of auromorwe engtnes. Reference 19. Fuel consumption of 1 1.4 II ter/hr 1’ u ?a.,‘hrJ x.sumeo. The resulc,ng factors are 

only rough estimates. 

d8ased on fuel sulfur conrent of 0 20 oercent for diesel fuel and 0.043 percent for gas01 me from References 7 and 17 Calculated us,r,g 
fuel densaty of 0.740 rglllter (6.1 7 tb;gall for gasoline and 0.854 kg;lhrer 17.:2 bigall ior dlasel fuel 
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II- 4 Outboard-Powered Vessels 

1x-4.1 General - Most of the approximately 7 million outboard motors in use in the United States are Z-stroke 
engines with an average available horsepower of about 25. Because of the predominately leisure-time use of 
outboard motors. emissions related to their operation occur primarily during nonworking hours. in rural areas, 
and during the three summer months. Nearly 40 percent of the outboards are operated in the states of New York. 
Texas, Florida, Michigan, California. and Minnesota. This distribution results in the concentration of a large 
portion of total nationwide outboard emissions in these states.L 

II- 4.2 Emissions - Because the vast majority of outboards have underwater exhaust. emission measurement is 
very difticult. The values presented in TableIT-4-I are the approximate atmospheric emissions from outboards. 
These data are based on tests of four outboard motors ranging from 4 to 65 horsep0wer.l The emission results 
from these motors are a composite based on the nauonwide breakdown of outboards by horsepower. Emission 
factors are presented two ways in this section: in terms of fuel use and in terms of work output (horsepower 
hourj. The selection of the factor used depends on the source Inventory data available. Work output factors are 
used when the number of outboards in use is available. Fuel-specific emission factors are used when fuel 
consumption data are obtainable. 

TableTI--4-l. AVERAGE EMISSION FACTORS FOR OUTBOARD MOTORS’ 
EMISSION FACTOR RATING: B 

Pollutantb 

Sulfur oxldesd 
(SO, as SO,) 

Carbon monoxide 

Hydrocarbonse 
Nitrogen oxides 

(NO, as NO$ 

Based on fuel consumption 

I b/l O3 gal kg/lo3 liter 

6.4 0.77 

3300 400 
1100 130 

6.6 0.79 

Based on work outputC 

g/hphr g/metric hphr 

0.49 0.49 

250 1 250 
! 85 I 85 

0.50 0.50 

I 

a Reference 1, Data in this table are emissions to the atmosphere. A portIon of the exhaust remains behind I” 
the water. 

bPanlculate emisston factors are not available because of the problems involved wrth measurement from an 
underwater exhaust system but are cons&-red negligible. 

’ Horsepower hours are calculated bv multiplying the averaga power produced durrng the hours of usage by 
the popularon of outboards in a given area. In the absance of data specrfic to a given geographic area, the 
hphr value can be astimated using average nationwrde values from Reference 1. Reference 1 reports the 
average power produced (not the available power1 as 9.1 hp and the average annual usage per engine as 50 
hours. Thus, hphr = (number of outboarcbl f9.1 hp) (60 hours/outboard-year). Metric hphr = 0.9863 hphr. 

d Eased on fuel sulfur content of 0.043 oercent from Reference 2 and on a density of 6.17 lb/gal. 
e Includes exhaust hydrocarbons only. No crankcase emrssions occur because the malorrty of outboards are 

Z-stroke engines that tisa crankcase inductron. Evaporative emrssions are lrmrted bv the w&spread use of 
unvented tanks. 
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II- 5 Small, General Utility Engines 

II- 5.1 General-This category of engines comprises small ?-stroke and 4-stroke, air-cooled. gasoline-powered 
motors. Examples of the uses of these engines are: lawnmowers. small electric generators, compressors, pumps, 
minibikes. snowthrowers, and garden tractors. This category does nor include motorcycles, outboard motors, chain 
saws, and snowmobiles, which are either included in other parts of this chapter or are not included because of the 
lack of emission data. 

Approximately 89 percent of the more than 44 million engines of this category m service in the United States 
are used in lawn and garden app1ications.l 

1X-5.2 Emissions-Emissions from these engines are reported in Table 11-5-1, For the purpose of emission 
estimation, engines in this category have been divided into lawn and garden (2-stroke), lawn and garden (4-stroke), 
and miscellaneous (4-stroke). Emission factors are presented in terms of horsepower hours, annual usage, and fuel 
consumption. 

References for Section II- 5 
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TableII-51. EMISSION FACTORS FOR SMALL, GENERAL UTILITY ENGINESalb 
EMISSION FACTOR RATING: 8 

Engine (SO, as SO2 

2-Stroke, lawn 
and garden 

g’hphr 
g/metric 

hphr 
g/gal of 

fuel 
g/unit- 

year 

I 
QStroke, lawn ; 
and garden I 

glhphr I 
g/metric 

I 

I hphr 
g/gal of 

Sulfur 1 Nitrogen 
ox idesc Carbon Hydrocarbons 

)‘Particulateimonoxlde / Exhaust 
4 ox ides 

t 

Evaporative’ (NO, as NO2) 

0.54 
0.54 

1.80 

38 

0.37 
0.37 

2.37 

7.1 : 
i 

486 / 214 ’ - 
7.1 486 214 - 

23.6 1,618 / 713 [ - 

1)o I 
I 

T 
I 
I 

1.58 
1.58 

5.26 

108 

0.44 1 279 23.2 
0.44 i 279 23.2 

2.82 / 1,790 149 

3.17 0.49 
3.17 0.49 

20.3 3.14 

217 34 
fuel 

g/unit- 
year 

I 
26 31 : 19,100 ! 1,590 113 

I I 
I 1 I 

4-Stroke 
, 

miscellaneous 
g/bhr 
g/metric 

hphr 
g/gal of 

fuel 
gi’urlrt- 

0.39 I 0.44 250 15.2 
0.39 0.44 ; 253 15.2 

2.45 ’ ’ 2.77 1,571 

30 34 j 19,300 

95.5 

1,170 
year I I 

I 

- 

- 

290 

2.04 
2.04 

6.79 

140 

4.97 
4.97 

0.47 
0.47 

31.2 2.95 

384 36 

-- 
Alde- 
hydes 

(HCHO) 

aReference 2 
b Values for g!unlt.year were calculated assuming an annual usage of 50 hours and a 40 percent aoad factor Factors for g/hprr can 

be Jsed in .nstances where annual usages, load factors, and rated Horsepower are known Horsepower hours are the produc: ,of rhe 
usage in hours, r-e load factor, and the rated horsepower. 

‘Values calculated. not measured, based on tne use of 0.043 percent sulfur conten: iuel. 
d 

Values calculated from annual idel consurnof~on. Evaporative losses from storage and ftillng operations are not lncruded lsee 
Chapter 4). 

II- 5-2 EMISSIOI\(’ FACTORS I,‘75 



1x-6 Agricultural Equipment 

1X-6.1 General - Farm equipment can be separated into two major categories: wheeled tractors and other farm 
machinery. In 1972, the wheeled tractor population on farms consisted of 4.5 million units with an average power 
of approximately 34 kilowatts (45 horsepower). Approximately 30 percent of the total population of these 
tractors is powered by diesel engines. The average diesel tractor is more powerful than the average gasoline tractor, 
that is, 52 kW (70 hp) versus 27 kW (36 np).’ A considerable amount of population and usage data is available 
for farm tractors. For example. the Census of Agriculture reports the number of tractors in use for each county in 
the U.S.2 Few data are available on the usage and numbers of non-tractor farm equipment, however. Self-propelled 
combines, forage harvesters. irrigation pumps, and auxiliary engines on pull.type combines and balers are examples 
of non-tractor agricultural uses of internal combustion engines. Table IT-h-1 presents data on this equipment for 
!he C’S. 

II- o.2 Emrssions - Emission factors for wheeled tractors and other farm machinery are presented in Table 
1 L-o-2. Estimating emissions from the time-based emission factors-grams per hour (gjhr) and pounds per hour 
(Ib,hr)-requires an average usage value in hours. An approximate figure of 550 hours Per year may be used or. on 
!hc basis of power, the relationship. usage in hours = 450 + 5.34 (kW - 37.2) or usage in hours = 450 + 3.89 (hp - 
50) may be employed.’ 

The best ermssions estimates result from the use of “brake specific” emission factors (g/kWh or gihphr). 
Emissions are the product of the brake specific emission factor, the usage in hours. the power available, and the 
load factor (power used divided by power available). Emissions are also reported in terms of fuel consumed. 

TableII-6-1. SERVICE CHARACTERISTICS OF FARM EQUIPMENT 
(OTHER THAN TRACTORSIa 

Machine 

Combine, self- 
propel led 

Combine, pull 

we 

Corn pickers 
and picker- 
shellers 

Pick-up balers 

Forage 
harvesters 

Miscellaneous 

Units in 
service, x103 

434 

289 

687 

655 

295 

1205 

Typical 
size 

4.3 m 
(14 ft) 

2.4 m 
(8 W 

Z-row 

5400 kgthr 
I6 tonlhr) 

3.7 m 
(12 ftl Of 

3row 

Typical power Percent 
kW hp gasoline 

82 110 50 

19 25 100 

b - 

30 40 100 

104 140 0 

22 30 50 

Percent 
diesel 

50 

0 

0 

100 

50 

aReference 1. 
b Unpowered. 
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TableII-6-2. EMISSION FACTORS FOR WHEELED FARM TRACTORS AND 
NON-TRACTOR AGRICULTURAL EQUIPMENTa 

EMISSION FACTOR RATING: C 

I 

Diesel farm 
tractor 

Gasoline farm 
tractor 

Diesel farm 
equipment 

(non-tractor) PoHutant 

Carbon monoxide 
g/hr 
Ibthr 
g/kWh 
glhphr 
kg/lo3 liter 
lb/l& gal 

Exhaust 
hydrocarbons 

dhr 
lblhr 
g/kWh 
gihphr 
kg/lo3 liter 
lb/lo3 gal 

Crankcase 
hvdrocarbonsb 

glhr 
Ib/hr 
g/kWh 
dhphr 
kg/lo3 liter 
lb/lo3 gal 

161 
0.355 
4.48 
3.34 

14.3 
119 

77.8 
0.172 
2.28 
1.70 
7.28 

60.7 

- 
- 

Evaporative 
hydrocarbonsb 

g/unit-year 
lb/unit-year 

Nitrogen oxides 
(NO, as NO21 
g/hr 
Ib/hr 
gikWh 
gihphr 
kg/lo3 liter 
lb/lo3 gal 

I 

Gasoline farm 
equ ipmen t 

(non-tractor) 

3,380 95.2 4,360 
7.46 0.210 9.62 

192 5.47 292 
143 4.08 218 
391 16.7 492 

3,260 139 4,100 

128 38.6 
0.282 0.085 
7.36 2.25 
5.49 1.66 

15.0 6.85 
125 57.1 

143 
0.315 
9.63 
7.18 

16.2 
135 

26.0 
0.057 
1.47 
1.10 
3.01 

25.1 

28.6 
0.063 
1.93 
1.44 
3.25 

27.1 

15,606 

x 
452 I 157 210 

’ 0.996 0.346 0.463 
12.6 8.88 12.11 
9.39 6.62 9.03 

40.2 18.1 
335 151 

AJdehydes 
fRCH0 as HCHO) 

dhr 
Ib/hr 
g/kWh 
gihphr 
kg/lo’ liter 
lb/ 10’ gal 

16.3 7.07 
0.036 0.016 
0.456 0.402 
0.340 0.300 
1.45 0.821 

12.1 6.84 

7.23 
0.016 
0.402 
0.30 
1.22 

10.2 

Sulfur oxidesC 
60, as SO2l 

g/hr 
Ib/hr 

c 
4.76 
0.010 
0.295 
0.220 
0.497 
4.14 

1 
42.2 5.56 21.7 6.34 

0.093 0.012 0.048 0.014 

1,660 
3.53 

105 
0.231 
7.03 
5.24 

11.8 
98.5 
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TableII-6-2. (continued). EMISSION FACTORS FOR WHEELED FARM TRACTORS AND 
NON-TRACTOR AGRICULTURAL EQUIPMENTa 

EMISSION FACTOR RATING: C 

Pollutant 

g/kWh 
g/hphr 
kg/lo3 liter 
lb/lo3 gal 

Particulate 
glhr 
Ib/hr 
g/kWh 
Wvhr 
kg/lo3 liter 
lb/lo3 gal 

Diesel farm Gasoline farm 
tractor tractor 

1.17 0.312 
0.874 0.233 
3.74 0.637 

31.2 5.31 

61.8 8.33 
0.136 0.018 
1.72 0.47 1 
1.28 0.361 
5.48 0.960 

45.7 8.00 

Diesel farm Gasoline farm 
equipment equipment 

(non-tractor) (non-tractor) 

1.23 0.377 
0.916 0.281 
3.73 0.634 

31.1 5.28 

34.9 7.94 
0.077 0.017 
2.02 0.489 
1.51 0.365 
6.16 0.823 

51.3 6.86 

aReference 1 

bCrankcase and evaporatwe emwons from diesel engines are consldered negligible. 

‘Not measured. Calculated from fuel sulfur content of 0.043 percent ana 0.22 percent for gasoline-powered and diesel- 
powared equtpment, respectwely. 

References for Section 11-6 
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II-7 Heavy-Duty Construction Equipment 

11-7.1 General - The useful life of construction equipment is fairly 
short because of the frequent and severe usage it must endure. The 
annual us age of the various categories of equipment considered here 
ranges from 740 hours (wheeled tractors and rollers) to 2000 hours 
(scrapers and off-highway trucks). This high level of use results in 
average vehicle lifetimes of only 6 to 16 years. The equipment 
categories in this section includer track type tractors, track type 
loaders, motor graders, wheel tractor scrapers, off-highway trucks 
(includes pavement cold planers and wheel dozers), wheeled loaders, 
wheeled tractors, rollers (static and vibratory), and miscellaneous 
machinas. The latter category contains an array of less numerous mobile 
and semi-mobile machines used in construction such as log skidders, 
hydraulic excavators/crawlers, trenchers, concrete pavers, compact 
loaders, crane lattice booms, cranes, hydraulic excavator wheels, and 
bituminous pavers. Some of these categories are different from the Third 
Edition. 

11-7.2 Bmissions - Recently, Environmental Research and Technology, Inc. 
prepared a report' under the sponsorship of a consortium of industry 
groups. This report, referred to as the CAL/ERT report, provided a very 
comprehensive investigation of farm construction and industrial equipment 
emissions. The emissions of twenty different types of construction 
equipments are grouped roughly according to the categories in the Third 
Edition by their populations in California (based on a report prepared by 
the California Air Resources Board'). The updated emission factors on 
HC/CO/NO. for heavy-duty construction equipment for diesel engines are 
reported in Table 11-7.1. No update has been done on other emissions 
(aldehydes, sulfur oxides, and particulates), and their values are 
carried over from the Third Edition. Less than five percent of the sales 
use gasoline engines, and the trend is toward complete dieselization. No 
update has been done on the gasoline engine construction equipment 
emissions. Therefore, the emission factors for gasoline engines from 
the Third tdition are reprinted in Table 11-7.2. The factors are 
reported in three different forms-on the basis of running time, fuel 
consumed, and power consumed. 

In order to estimate emissions from time-based emission factors, annual 
equipment usage in hours must be estimated. The following estimates of 
use for the equipment listed in the tables should permit reasonable 
emission calculations. 
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Category 

Tracklaying tractors 
Tracklaying shovel loaders 
Motor graders 
Scrapers 
Off-highway trucks 
(including wheeled dozers) 
Wheeled loaders 
Wheeled tractors 
Rollers 
Miscellaneous 

Annual operation, hours/year 

1050 
1100 

830 
2000 
4000 
2000 
1140 

740 
740 

1000 

The best method for calculating emissions, however, is on the basis of 
"brake specific" emission factors (g/kWh or g/hphr). Emissions are 
calculated by taking the product of the brake specific emission factor, 
the usage in hours, the power available (that is, rated power), and the 
load factor (the power actually used divided by the power available). 
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Table 11-7.1 Emission Factors for Heavy-Duty, Diesel-Powered 
Construction Equipmenta - 

Emission Factor Rating: C 

Pollutant 
CARBON MONOXIDE 
g/hr 
lb/hr 
g/kWh 
g'hph: 
kg/l0 liter 
lb/103gal 
EXHAUST HYDROCARBONS 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo3 liter 
lb/lO'gal 
NITROGEN OXIDES 
(NOx as NO21 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo' liter 
lb/lo'& 
ALDEHYDES 
(RCHO as HCHO) 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo3 liter 
lb/lO'qal 
SULFUR OXIDES 
(SOx as SO21 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo3 liter 
lb/lO'gal 
PARTICULATE 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo3 liter 
lb/103gal 

Track-type Wheeled Wheeled 
tractor tractor dozerb 

157.01 1622.77 
0.346 3.59 
2.88 9.84 
2.15 7.34 
9.4 32.19 

78.5 268.5 

Motor 
Scraper grader 

568.19 68.46 
1.257 0.151 
3.28 2.06 
2.45 1.54 

10.16 6.55 
84.6 54.65 

55.06 85.26 128.15 la.07 
0.121 0.188 0.282 0.040 
1.01 2.36 0.74 0.48 
0.75 1.76 0.55 0.36 
3.31 7.74 2.28 1.53 

27.6 64.6 19.0 12.73 

570.70 575.84 1740.74 324.43 
1.26 1.269 3.840 0.713 

10.47 15.96 10.00 9.57 
7.81 11.91 7.46 7.14 

34.16 52.35 30.99 30.41 
284.92 436.67 258.6 253.84 

12.4 13.5 29.5 65. 5.54 
0.027 0.030 0.065 0.143 0.012 
0.228 0.378 0.215 0.375 0.162 
0.170 0.282 0.160 0.280 0.121 
0.745 1.23 0.690 1.16 0.517 
6.22 10.3 5.76 9.69 4.31 

62.3 40.9 158. 210. 39.0 
0.137 0.090 0.348 0.463 0.086 
1.14 1.14 1.16 1.21 1.17 
0.851 0.851 0.867 0.901 0.874 
3.73 3.73 3.74 3.74 3.73 

31.1 31.1 31.2 31.2 31.1 

50.7 
0.112 
0.928 
0.692 
3.03 

25.3 -- 

61.5 75. 184. 27.7 
0.136 0.165 0.406 0.061 
1.70 0.551 1.06 0.838 
1.27 0.411 0.789 0.625 
5.57 1.77 3.27 2.66 

46.5 14.8 27.3 22.2 

a References 3 and 4 for the HC/CO/NOx emissions, and 
references 1 and 2 for other emissions. 

b The wheeled dozer ZC/CO/NC, emissions are included in the 
off-highway truck category. 



Table 11-7.1 (cont'd) Emission Factors for Heavy-Duty 
Diesel-Powered 

Construction Equipmenta 
Emission Factor Rating: C 

Pollutant 
CARBON MONOXIDE 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo" liter 
lb/103gal 
EXHAUST B-YDROCARBONS 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo3 liter 
lb/lO'gal 
NITROGEN OXIDES 
(NO, as Nor) 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo3 liter 
lb/lo3 gal 

ALDEBYDES 
(RCHO as HcHo) 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo3 liter 
lb/lo3 gal 

SULFUR OXIDES 
(SOx as SO2) 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo3 liter 
lb/lo3 gal 

PARTICULATE 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo3 liter 
lb/103gal 

Wheeled 
loader 

Tracktype 
loader 

Off- 
Highway 
truckb Roller 

Miscel- 
laneous 

259.58 91.15 816.81 137.97 306.37 
0.572 0.201 1.794 0.304 0.675 
3.63 3.03 4.70 8.08 6.16 
2.71 2.26 2.28 6.03 4.60 

11.79 9.93 14.73 22.64 18.41 
98.66 82.85 123.46 188.37 153.51 

113.17 44.55 86.84 30.58 69.35 
0.25 0.098 0.192 0.067 0.152 
1.59 1.49 0.50 1.30 1.35 
0.97 1.11 0.37 0.97 1.01 
5.17 4.85 1.58 3.60 4.04 

43.16 40.55 13.16 30.09 33.70 

858.19 375.22 1889.16 392.90 767.30 
1.89 0.827 4.166 0.862 1.691 

ii.81 12.46 10.92 17.49 14.75 
8.81 9.30 8.15 13.05 11.01 

38.5 40.78 34.29 48.49 44.10 
321.23 339.82 286.10 404.51 368.01 

18.8 4.00 51.0 7.43 13.9 
0.041 0.009 0.112 0.016 0.031 
0.264 0.134 0.295 0.263 0.272 
0.197 0.100 0.220 0.196 0.203 
0.859 0.439 0.928 0.731 0.813 
7.17 3.66 7.74 6.10 6.78 

82.5 34.4 206. 30.5 64.7 
0.182 0.076 0.454 0.067 0.143 
1.15 1.14 1.19 1.34 1.25 
0.857 0.853 0.887 1.00 0.932 
3.74 3.74 3.74 3.73 3.73 

31.2 31.2 31.2 31.1 31.1 

77.9 26.4 116. 22.7 63.2 
0.172 0.058 0.256 0.050 0.139 
1.08 0.878 0.673 1.04 1.21 
0.805 0.655 0.502 0.778 0.902 
3.51 2.88 2.12 2.90 3.61 

29.3 24.0 17.7 24.2 30.1 

a References 3 and 4 for the HC/CO/NOx emissions and 
references 1 and 2 for other emissions. 

b The off-highway truck category incudes HC/CO/NO, 
emissions from the wheeled dozer. 
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Table 11-7.2 Emission Factors for Heavy-Duty, Gasoline-Powered 
Construction Equipmenta 

Emission Factor Rating: C 

Pollutant 
CARBON MONOXIDE 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo3 liter 
lb/lO'gal 
EXHAUST HYDROCARBONS 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo' liter 
lb/103gal 
EVAPORATIVE 
HYDROCARBONSb 
g/hr 
lb/hr 
CRANKCASE 
HYDROCARBONSb 
g/hr 
lb/hr 
NITROGEN OXIDES 
(NOx as NO21 
g/hr 
lb/hr 
g/kNh 
g/hphr 
kg/lo' liter 
lb/103gal 
ALDEHYDES 
(RCHO as HCHO) 
g/hr 
lb/hr 

0.0198 
g/kh'h 
g/hphr 
kg/lo3 liter 
lb/103gal 
SULFUR OXIDES 
(SOx as SO21 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo3 liter 
lb/lO'gal 

Wheeled 
tractor 

4320. 
9.52 

190. 
142. 
389. 

3250. 

164. 
0.362 
7.16 
5.34 

14.6 
122. 

Motor Wheeled Miscel- 
grader loader Roller laneous 

5490. 7060. 6080. 7720. 
12.1 15.6 13.4 17.0 

251. 219. 271. 266. 
187. 163. 202 198. 
469. 435. 460. 475. 

3910. 3630. 3840. 3960. 

186. 241. 277. 254. 
0.410 0.531 0.611 0.560 
8.48 7.46 12.40 8.70 
6.32 5.56 9.25 6.49 

15.8 14.9 21.1 15.6 
132. 124. 176. 130. 

30.9 30.0 29.7 28.2 25.4 
0.0681 0.0661 0.0655 0.0622 0.0560 

32.6 37.1 48.2 55.5 50.7 
0.0719 0.0818 0.106 0.122 0.112 

195. 145. 235. 164. 187. 
0.430 0.320 0.518 0.362 0.412 
8.54 6.57 7.27 7.08 6.48 
6.37 4.90 5.42 5.28 4.79 

17.5 12.2 14.5 12.0 11.5 
146. 102. 121. 100. 95.8 

7.97 
0.0176 

0.341 
0.254 
0.697 
5.82 

8.80 9.65 7.57 9.00 
0.0194 0.0213 0.0167 0.0198 

0.386 0.298 0.343 0.298 
0.288 0.222 0.256 0.222 
0.721 0.593 0.582 0.532 
6.02 4.95 4.86 4.44 

7.03 
0.0155 
0.304 
0.227 
0.623 
5.20 _ 

7.59 10.6 8.38 10.6 
0.0167 0.0234 0.0185 0.0234 
0.341 0.319 0.373 0.354 
0.254 0.238 0.278 0.264 
0.636 0.636 0.633 0.633 
5.31 5.31 5.28 5.28 --. -- 
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Table 11-7.2 (cont'd) Emission Factors for Heavy-Duty, 
Gasoline-Powered 

Construction Equipmenta 
Emission Factor Rating: C 

Pollutant 
PARTICULATE 
g/hr 
lb/hr 
g/kWh 
g/hphr 
kg/lo' liter 
lb/103gal 

Wheeled Motor Wheeled Miscel- 
tractor grader loader Roller laneous 

10.9 9.40 13.5 11.8 11.7 
0.0240 0.0207 0.0298 0.0260 0.0258 
0.484 0.440 0.421 0.527 0.406 
0.361 0.328 0.314 0.393 0.303 
0.991 0.822 0.839 0.895 0.726 
8.27 6.86 7.00 7.47 6.06 

a References 1 and 2. 

b Evaporative and crankcase hydrocarbons based on operating 
time only (Reference 1). 
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II- 8 Snowmobiles 

11-8.1 General - In order to develop emission factors for snowmobiles, mass emission rates must be known, and 
uperating cycles representative of usage in the field must be either known or assumed. Extending the applicability 
of data from tests of a few vehicles to the total snowmobile population requires additional information on the 
compositton of the vehicle population by engine size and type. In addition, data on annual usage and total machine 
population are necessary when the effect of this source on national emission levels is estimated. 

An accurate determination of the number of snowmobiles in use is quite easily obtained because most states 
require registration of the vehicles. The most notable features of these registration data are that almost 1 .S million 
sleds are operated in the United States, that more than 70 percent of the snowmobiles are registered in just four 
states Mchigan. .Minnesota. Wisconsin. and New York), and that only about 12 percent of all snowmobiles are 
found in areas outside the northeast and northern midwest. 

II-S.2 Emissrons - Operating data on snowmobiles are somewhat Limited, but enough are available so that an 
attempt can be made to construct a representative operating cycle. The required end products of this effort are 
time-based weighting factors for the speed/load conditions at which the test engmes were operated; use of these 
f;lctors will permit computation at’ “cycle composite’* mass emissions. power consumption, fuel consumption. and 
specific pollutant emissions. 

Emission factors for snowmo4iles were obtamed through an EPA-contracted study’ in which a variety of 
snowmobile engines were tested to obtain exhaust emissions data. These emissions data along with annual usage 
data were used by the contractor to estimate emission factors and the nationwide emission impact of this pollutant 
source. 

To arrive at average emission factors for snowmobiles, a reasonable estimate of average engine size was 
necessary. Weighting the size of the engine to the degree to which each endine is assumed to be representative of 
the total popuiatrun of engines in servtce resulted in an estimated average displacement of 362 cubic centimeters 
ICI-I-I3 ). 

The speed/load conditions at which the test engines were operated represented. as closely as possible, the 
normal operatron oi snowmobiles in the field. Calculations using the fuel consumption data obtained during the 
tests and the previously approximated average displacement oi 362 cm3 resulted in an estimated average fuel 
<onsumption of 0.94 g311 hr. 

To compute snowmobile emission factors on a gram per unit year basis. it LS necessary to know not only the 
emissron factors hut aljo rhe annual operutrng time. Estimates of this usage are discussed m Reference I. On a 
national basis. however. average inuwmobile usage can be assumed to be 60 hours per year. Emission factors for 
snowmobiles are presented rn Table If-h- I. 

References for Section II-8 
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TableII-8-l. EMISSION FACTORS FOR 
SNOWMOBILES 

EMISSION FACTOR RATING: B 

Emissions 

Pollutant g/unit-yeara g/galb g/literb g/hrb 

Carbon monoxide 58,700 1,040. 275. 978. 
Hydrocarbons 37,800 670. 177. 630. 
Nitrogen ox ides 600 10.6 2.8 10.0 
Sulfur oxidesc 51 0.90 0.24 0.85 
Solid particulate 1,670 29.7 7.85 27.9 
Aldehydes (ACHOJ 552 9.8 2.6 9.2 

aBased on 60 hours of operation per year and 362 cm3 displacement. 

bBasad on 362 cm3 displacement and average fuel consumption of 0.94 gal/hr. 

‘Based on sulfur content of 0.043 percent bv weight. 
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